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EVALUATION OF 1954 FIELD TRIAL OF POLIOMYELITIS VACCINE: 
SYNOPSIS OF SUMMARY REPORT* 


By Tuomas Francis, JR., M.D. 
DIRECTOR, POLIOMYELITIS VACCINE EVALUATION CENTER, UNIVERSITY OF MICHIGAN 


AND 


Rosert F. Korns, M.D. 
DEPUTY DIRECTOR, POLIOMYELITIS VACCINE EVALUATION CENTER, 
UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN 


Durinc the spring of 1954 an exten- 
sive Field Trial of the prophylactic ef- 
fectiveness of formalin-inactivated poli- 
omylelitis vaccine, as developed by 
Dr. Jonas Salk and his associates, was 
initiated by the National Foundation 
for Infantile Paralysis. 

The Poliomyelitis Vaccine Evaluation 
Center was established at the Univer- 
sity of Michigan for the purpose of im- 
partially collating and analyzing data 
collected through the combined efforts 
of many thousands of health depart- 
ment workers, practicing physicians, 
physical therapists and _ laboratory 
people scattered through the 211 par- 
ticipating study areas in 44 states. 

The study design was dictated by 
both scientific and practical consider- 
itions, necessary in a project of such 
scope and dependent on the good will 
ind abilities of so many people of vary- 
ng capacity. They involved the organ- 


ization and execution of the vaccina- 
tion clinic program, the maintenance 
of detailed and accurate records, as 
well as the thorough investigation, ac- 
cording to a detailed plan, of each re- 
ported case of poliomyelitis in the 
area. Originally, it was deemed imprac- 
tical to establish a strict placebo con- 
trol experiment, with the complex ad- 
ministrative problem of giving three 
injections in sequence to each child, 
without knowing the nature of the ma- 
terial being used. Thus, all states were 
invited to participate on the basis of 
administering vaccine to volunteers 
in the 2nd grade of school. Later the 
poliomyelitis incidence in these chil- 
dren would be compared with that in 
the uninoculated Ist and 3rd grade 
population. This study plan had cer- 
tain scientific limitations, related pri- 
marily to possible bias, at all levels, in 
the follow-up of study children. Ob- 


*In this Synopsis of the Summary Report of the Evaluation of 1954 Field Trial of Poliomye- 
tis Vaccine (Vaccine Evaluation Center, University of Michigan, Ann Arbor, Michigan, April 
2, 1955) the original numbers are given for tables and for pages mentioned, in order to 


cilitate reference to the full report. 
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viously it was essential that nonvaccin- 
ated children be studied with the same 
degree of care as the vaccinated so 
that the discovery and diagnosis of 
cases of poliomyelitis in test and con- 
trol groups would be strictly compar- 
able. In order to achieve such an im- 
partial comparison it was essential to 
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poliomyelitis incidence during the past 
5 years. 

The tremendous clinic program was 
accomplished according to plan during 
April, May and June. In placebo con- 
trol areas (Table la) the study popu- 
lation (1st, 2nd and 3rd grade) in- 
cluded 749,236 children; 455,474 (or 


TABLE la.—DISTRIBUTION OF STUDY POPULATION BY PARTICIPATION 
STATUS AND VACCINATION STATUS—PLACEBO AREAS 


Study Population 
Total Grades 1, 2 and 3 
Total requests to participate 


Complete series of injections: 


Vaccine 
Placebo 
Incomplete injections: 
Vaccine 
Placebo 
Absent at first clinic 
or withdrew 
Number not requesting 
participation 
Participation status 
not recorded 


Number Percent 
749,236 100.0 
455,474 60.8 
200,745 26.8 
201,229 26.9 
8,484 
8.577 1.1 
36,439 4.9 
280,868 37.5 
12,894 1.7 


TABLE 1b.—DISTRIBUTION OF STUDY POPULATION BY PARTICIPATION STATUS 


AND VACCINATION STATUS 


Study Population 
All Grades —Total 
Requests 
Second Grade—Requests 
Complete vaccinations 
Incomplete vaccinations 
Absent or withdrew 
First and Third Grades—Requests 
All Grades—Participation not requested 
Participation not recorded 


introduce a so-called placebo control 
study into the existing plan. This type 
of study was carried out in 84 areas 
of 11 states signifying the interest in 
doing so (Table la). In 127 areas of 
33 states the original, or observed con- 
trol, study was carried out (Table Ib). 
The specific study areas were selected 
because of their consistently high 


OBSERVED AREAS 


Percent of Percent of 


Number Second Grade Total Population 
1,080,680 100.0 
567,210 52.5 
245,895 69.2 22.8 
221,998 62.4 20.5 
9.904 2.8 0.9 
13,993 3.9 1.3 
321,315 29.7 
332,870 30.8 
180,600 16.7 


60.8%) requested participation; 200,745 
(26.8%) received three injections of 
vaccine, and 201,229 (26.9%) three in- 
jections of placebo, an identical ma- 
terial which, however, contained no 
poliomyelitis virus or monkey kidney 
protein. In observed control areas 
(Table 1b) the study population 
totalled 1,080,680 children in the first 
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EVALUATION OF FIELD TRIAL OF POLIOMYELITIS VACCINE 


three grades; 221,998 second grade 
children (20.5% of the total) received 
three doses of vaccine. 

The first problem of evaluation was 
that of collecting and verifying basic 
information on each of the 1,829,996 
children in the study population. These 
data which included the name, address, 
age, sex, history of poliomyelitis or other 
crippling condition, participation status 
and dates of vaccination, if any, for 
each child, were transferred to punch 
cards, and tables describing the popu- 
ulation were prepared which would 
serve as the denominators over which 
the discovered cases of poliomyelitis 
would be placed for the determination 
of poliomyelitis attack rates in vaccin- 
ated versus control and in other seg- 
ments of the population. During De- 
cember, 1954, an interview survey was 
conducted on 1,100 study families in 
ten states in order to gain more insight 
into the differences existing between 
participants and nonparticipants (p. 
13). This demonstrated striking differ- 
ences in income level, community ac- 
tivity, health conveniences, education 
level, and others, which in turn assisted 
the center in deciding what control 
population would be most useful, in 
the observed control areas. 

The question of safety of the vaccine 
(pp. 18 to 21 and 41 to 42) was assessed 
through specific studies of the cause 
and extent of absenteeism from school 
following inoculation in Pittsburgh, 
Pennsylvania, and Schenectady, New 
York. The experience was identical in 

vaccinated and control subjects and 
no significant reactions were observed. 
From records obtained during the 
clinic program, the following distribu- 
tion of minor reactions was observed: 
Placebo control areas: 931 reactions or 
0.4% in vaccinated and 939 or 0.4% in 
those receiving placebo. Of the so- 
called “major” reactions, none of which 
could be clearly attributed to inocula- 
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tion, 9 or 0.004% occurred in vaccinated 
and 13 or 0.006% in the placebo con- 
trol. These findings, plus other data 
referred to in the text, fail to implicate 
the vaccine as a significant cause of 
untoward reactions. 

Also bearing on the question of 
safety is the review of 129 cases occur- 
ring up to the first month after inoccula- 
tion (p. 20). Here again, there is no 
evidence implicating vaccine as a 
source of infection. Furthermore, study 
of the location of the paralysis failed 
to demonstrate any localization of in- 
volvement to the left arm, where all 
injections were given. 

For the purpose of measuring the 
antigenic potency of the various lots 
of vaccine used, blood samples were 
collected prior to vaccination, 2 weeks 
after the 3rd clinic and again 5 months 
later from 40,881 children (p. 3). Re- 
sults from the study of sera from 9,000 
of these are now available for analysis 
and served as the basis for classifying 
lots of vaccine into good, moderate, 
low moderate and poor categories (pp. 
21 to 25). There was wide variation in 
the response to various lots, as used 
under field conditions. In general, the 
response to Type 1 poliomyelitis virus 
was inferior to that for Types II and 
III. Data from the study of the third 
bleeding are less complete but indicate 
some persistence of antibodies 4 to 5 
months after completion of the series 
of vaccinations. Some decline in anti- 
body titer was observed, particularly 
in those children vaccinated with so- 
called poor lots; however, the levels in 
vaccinated children persisted in being 
distinctly higher than in the associated 
control children. 

The second problem in evaluation 
was concerned with the discovery and 
investigation of all cases of poliomye- 
litis or suspected poliomyelitis in the 
study population. The various steps in 
the investigation are discussed at length 


in the report, but consisted essentially 
in the initial case report; a clinical epi- 
demiological report; muscle evaluation 
by one of 67 specially trained physical 
therapists 10 to 20 days and 50 to 70 
days after onset of illness; the review of 
these findings by clinical experts; and 
the laboratory study of stool and blood 
samples from the patient, for the isola- 
tion of poliomyelitis or other virus 
and the search. for poliomyelitis anti- 
bodies. An important phase to all the 
above studies and applying particularly 
to the work of the physical therapist 


TABLE 2b.—SUMMARY OF STUDY (¢ 


Study 
Study Group 
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Population No. Rate 


KORNS 


nosis. A total of 1,013 cases was re- 
ported in the study population with 
onset during the period two weeks af- 
ter the third vaccination clinic to De- 
cember 31, 1954. These are classified 
placebo control areas as follows: 
67.5% paralytic, 17.6% nonparalytic, 7.2% 
doubtful, 7.6% not poliomyelitis. 

As a first step, the total reported 
cases, total cases considered to be polio- 
myelitis, total nonparalytic and _ total 
paralytic in both placebo and observed 
control areas were examined (Table 
2b). Through these stages of purifica- 


‘ASES BY DIAGNOSTIC CLASS AND 
VACCINATION STATUS 


(RATE PER 100,000) 


Poliomyelitis Cases 
Non- Not 
Total Paralytic pa ral ytic Polio*** 


No. Rate No. Rate No. “Rate No. Rate 


All areas—total 1,829,916 1013 55 863 47 685 37 178 10 150 «8 

Placebo areas—total .. 749,236 428 57 358 48 270 36 88 12 70 9 
Vaccinated . . . 200,745 82 41 57 28 33 16 24 12 25 12 
Placebo . on ae 201,229 162 81 142 71 115 57 27 18 20 10 
Not inoculated* 338,778 182 54 157 46 121 36 36 11 
Incomplete vaccinations 8,484 2 24 2 24 1 12 1 12% a eae 

Observed areas—total. 1,080,680 585 54 505 47 415 38 90 8 80 7 
Vaccinate d ae 221,998 76 34 56 25 38 17 18 8 20 9 
Controls** , 725,173 439 61 391 54 330 46 61 8 48 6 
2nd grade not inoc ulated 123,605 66 53 54 44 43 35 u.6 6S 12 10 
Incomplete vaccinations 9,904 4 40 4 40 4 40 
. * Includes 8,577 children who received one or two injections of placebo. 


** First and third grade total population. 
*** Includes 73 cases of “doubtful polio.” 


and laboratories was the attempt to 
standardize the procedures used in all 
areas, so that the findings would be 
directly comparable in all segments of 
the study. Finally, rigid criteria were 
established for reaching the final diag- 
nosis. Each study case was finally clas- 
sified before the vaccination status was 
revealed, thus assuring unbiased inter- 
pretation of all data. 

Results. The comparison of the 
poliomyelitis attack rate in vaccinated 
and control populations is presented 
through a sequence of steps, each one 
attempting to purify further the diag- 


tion there is a progressive increase in 
the percentage of effectiveness dis- 
played. No significant difference was 
detected in the rates of nonparalytic 
poliomyelitis in test and control groups. 
However, when these cases and those 
called not poliomyelitis are removed, so 
that only paralytic cases remain, an 
estimate of 75% of effectiveness is ob- 
tained in the placebo areas, and 62% 
in the observed areas. 

Next (Tables 3a and 3b) more de- 
tailed attention was given to the effect 
of vaccine with respect to clinical type 
and extent of paralysis. The most strik- 
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TABLE 3a.—TOTAL REPORTED POLIOMYELITIS CASES IN STUDY POPULATION DIS- 
TRIBUTED BY VEC DIAGNOSIS, DEGREE OF PARALYSIS AND VACCINATION STATUS 
—PLACEBO AREAS. 


Number of Cases Rate per 100,000 
Total Not Not 

V EC} Diagnosis by — ~ —~ Vacci- Place- Inocu- Vacci-  Place- Inocu- 

Degree of Paralysis No. Q% nated bo lated nated bo S.L. lated 
Total cases*. .. 426 100.0 82 162 182 41 81 .001 55 
Paralytic total .. 269 63.1 33 115 121 16 57 .001 37 

Spinal po 183 43.0 28 70 85 14 35 .001 26 

SecoreO. ... 60 9 25 26 4 12 .O1 8 
1-19 .. 44 9 12 23 4 6 N.S. 7 
20-89 . . 47 6 20 21 3 10 .01 6 
90-199 .. 23 Q 9 12 1 4 .05 + 
200+ yy 9 Q 4 3 1 2 NS. 1 
Bulbar ons 14 3.3 3 5 6 1 Q N.S. Q 
Bulbo-spinal oe 68 16.0 Q 36 30 1 18 .001 9 
Score 0 . 18 1 10 7 * 5 2 
1-19. . 20 13 7 6 .001 2 
20-89 . 11 1 5 5 2 NS. 
90-199. 14 6 8 3 .05 Q 
200+ . . 5 3 N.S 1 
Unknown 

Fatal polio 4 0.9 4 2 NS. 
Non-paralytic . 87 20.4 24 27 36 12 13 NSS. 11 
Doubtful polio .. 29 6.8 13 8 8 6 4 NS. 2 
Not polio. . . . 41 9.6 12 12 17 6 6 NS. 5 


* Excludes two cases who received partial injections. 
S.L.—Level of statistical significance. 
VEC =Vaccine Evaluation Centers. 


TABLE 3b.—TOTAL REPORTED POLIOMYELITIS CASES IN STUDY POPULATION DIS- 
TRIBUTED BY VEC DIAGNOSIS, DEGREE OF PARALYSIS AND VACCINATION STATUS 
OBSERVED AREAS. : 


Number of Cases Rate per 100,000 
Con- 2nd Con- 2nd 
Total trol Grade trol Grade 

VEC Diagnosis by ———~-- Vaceci- Popu- Not Vacci- Popu- Not 

Degree of Paralysis % nated lation Inoc. nated lation S.L. Tnoc. 
Total cases* iy: 581 100.0 76 439 66 34 61 .001 53 
Paralytic—total . 70.7 38 330 43 17 46 .001 35 

Spinal. ... . Gi 42.5 20 199 28 9 Q7 .001 23 

SeoreO . ... 79 12 63 4 5 9 NSS. 3 
1-19. . 64 5 51 8 2 7 .O1 6 
20-89 ... 67 Q 53 12 1 7 001 10 
90-199. . 26 l 22 3 * 3 .05 Q 
200+ . . 10 9 1 1 NS. 1 
Unknown . 1 1 N.S. 
Bulbar 25 4.3 3 20 Q 1 3 N.S. 2 
Bulbo-spinal .. 128 22.0 15 100 13 7 14 .O1 11 
ScoreQ . . 21 5 14 Q Q N.S. Q 
1-19... 38 6 29 8 3 4 N.S. Q 

20-89 . 33 4 26 3 4 NS. 2 
90-199... 11 9 2 1 N.S. 2 
200+ .. 23 ie 20 3 3 .01 Q 

Unknown . 2 2 NS. 

Fatal polio... 11 1.9 11 2 NS. 
Non-paralytic .. 90 15.5 18 61 11 8 8 NSS. 9 
Doubtful polio , P 44 7.6 12 26 6 5 4 NS. 5 
Rot 36 6.2 8 22 6 4 3 5 


* Excludes 4 cases who received partial injections. 
** Less than 1 per 100,000. 
S.L.—Level of statistical significance. 
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ing effect was observed in bulbospinal 
disease, perhaps because this charac- 
teristic clinical pattern is so readily 
differentiated as being truly poliomye- 
litis. In this group, the estimate of ef- 
fectiveness in placebo control areas 
was 94% with a lower limit of 81%. The 
effect noted in spinal paralytic polio 
was less striking, 60% with a lower 
limit of 39%. In observed control areas, 
these differences were even less pro- 
nounced but still highly significant. 

A further refinement in analysis was 
to consider the effect of vaccine in 
patients from whom poliomyelitis virus 


KORNS 


was isolated (Tables 5a and 5b). These 
furnish a higher degree of confidence 
in diagnosis. In cases classified as spinal 
paralytic, the effectiveness was the 
same in placebo and observed control 
areas, 82 and 83% respectively, and the 
corresponding lower limits of effect 
were 65 and 64, respectively. Enforce- 
ment of laboratory criteria for diagno- 
sis apparently eliminated a substantial 
number of cases which were less in- 
fluenced by vaccination, and, undoubt- 
edly among them, were many illnesses 
which actually were not poliomyelitis. 
The effect in bulbospinal poliomyelitis, 


TABLE 5a.—REPORTED POLIOMYELITIS CASES IN THE STUDY POPULATION — 


LABORATORY POSITIVE* 


Number of Cases 


—PLACEBO AREAS 
Rate per 100,000 


V acei- 
VEC Diagnosis Total nated 
18 
Non-paralytic 6 
Paralytic—Spinal . 106 8 
Scores 1+ ea 85 8 
Paralytic—Bulbo-spinal . . 47 2 
Polio fatalities. 3 


Not Not 


Pla- Inoc- Vacci- Pla- Inoc- 
cebo ulated nated cebo S.L. ulated 
* 86 94 9 43 001 28 
11 15 3 5 N.S. 4 
45 53 4 22 .001 16 
9 12 Lis 4 .01 4 
36 41 4 18 .001 12 
4 4 1 2 N.S. 1 
23 Q2 1 11 .001 7 
3 N.S. 


* Includes 170 cases with poliomyelitis virus isolated 
23 no virus but 4-fold or greater rise in antibody in paired sera 
5 no virus from patient but poliomyelitis virus recovered from a family member 


S.L.—Level of statistical significance. 


TABLE 5b.—REPORTED POLIOMYELITIS CASES IN THE STUDY POPULATION— 
LABORATORY POSITIVE*—OBSERVED AREAS 


Number of Cases 


V acci- 
VEC Diagnosis Total nated 
Total 25 
Non-paralytic 8 
Paralytic—Spinal & 7 
..... 3 
Seores 1+ 
Paralytic—Bulbar 17 1 
Paralytic—Bulbo-spinal . . 88 9 
Polio fatalities . . . . . 4 


Rate per 100,000 


Not Not 


Con Inoc- V acci- Con- Inoc- 
trol ulated nated trol S.L. ulated 

248 27 11 35 .001 22 
$1 Q 4 4 N.S. g 

127 16 3 18 001 13 
32 1 1 4 .05 1 
95 15 Q 13 .001 12 
15 1 Q N.S. 1 
71 8 4 10 Ol 6 

4 1 N.S. 


* Includes 253 cases with poliomyelitis virus isolated 
42 no virus but 4-fold or greater rise in antibody in paired sera 
5 no virus from patient but poliomyelitis virus recovered from a family member 
** Less than 1 per 100,000. 
S.L.—Level of statistical significance. 
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with laboratory confirmation — super- 
imposed, was 91% in placebo control 
and 60% in observed control areas. 
The next step (Tables 6a and 6b) was 
to examine the effect of vaccine with 
reference to the specific type of polio- 
myelitis virus isolated. In placebo con- 
trol areas the effectiveness was 68% 
against Type I, 100% against Type II 


TABLE 6a. 
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perience. If the results from the ob- 
served study areas are employed, the 
vaccine could be considered to have 
been 60 to 80% effective against para- 
lytic poliomyelitis, 60% against Type I 
poliomyelitis, and 70 to 80% effective 
against disease caused by Types II and 
III. There is, however, greater confi- 
dence in the results obiained from the 


POLIOMYELITIS CASES IN THE STUDY POPULATION BY VIRUS DETEC- 


TION, SEROLOGY, TYPE OF VIRUS, AND BY VACCINATION STATUS—PLACEBO AREAS 


Number of Cases 


Rate per 100,000 


A 


- 


Con- Con- 

trol Not** trol Not 

Vacci- Popu- Inoc- Vacci- Popu- Inoc- 

Virus Detection and Serology nated lation ulated nated lation S.L. ulated 
Virus Isolation Positive—Total . . . 15 70 85 7 35 .001 24 
Serology—Positive and probable . . 7 43 56 .001 16 
eae ere 13 23 3 6 NS. 7 
14 6 1 7 01 2 
Virus Type I—Positive—Total . . . 18 39 49 6 19 .001 14 
Serology—Positive and probable . . 6 27 32 3 13 .001 9 
. 8 13 3 4 N.S. 4 
Virus Type Il—Positive—Total 6 9 ta 3 05 3 
Serology— Positive and probable 4 7 2 NS. 2 
Virus Type I1I—Positive—Total ‘oc 25 Q7 1 12 .001 8 
Serology—Positive and probable . . 1 12 17 3 6 01 5 
Indefinite . 5 9 2 05 3 
Virus Isolation Negative—Total . . . 28 Q7 30 11 13 NS 9 
Serology—Positive and probable 8 17 16 4 8 05 5 
9 7 1 4 .05 2 
| 5 3 1 N.S 1 
Type Ill 4 6 2 2 NS 2 
Indefinite. . . .. . 12 5 6 6 NS. 2 

* Less than 1 per 100,000. 
** Includes 2 cases with incomplete injections. 
S.L.—Level of statistical significance. 
(significant at .05 level), and 92% strictly controlled and almost identical 


against Type III. This clearly agrees 
with the previous demonstrations that 
most lots of vaccine were less antigenic 
against Type I than against the other 
two types. In addition, the effectiveness 
of different lots of vaccine varied con- 
siderably as measured by the occur- 
rence of poliomyelitis. 

‘From these data it is not possible to 
select a single value giving numerical 
expression in a complete sense to the 
e{'ectiveness of vaccine as a total ex- 


test populations of the placebo study 
areas. 

“On this basis it may be suggested 
that vaccination was 80 to 90% effective 
against paralytic poliomyelitis; that it 
was 60 to 70% effective against disease 
caused by Type I virus and 90% or more 
effective against that of Type II and 
Type III virus. The estimate would be 
more secure had [a] larger number of 
cases been available.” 
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OTHER sTupIES. Several supplemental other observations on effectiveness, al- 
analyses are presented in the body of though in placebo control areas the dif- 
the report, which have bearing on eval- ference seen in 6-year-old children was 
uation and are mentioned briefly here. not statistically significant. There ap- 

1) The effectiveness of vaccine in pears to be a progressive increase in 
preventing cases of poliomyelitis classi- effect as age increases, based on the 
fied by extent of paralysis on the basis limited data and narrow age span 
of the first muscle examination was _ included in this study. 


compared with that, based on the 3) The poliomyelitis experience in 
second muscle examination, which in the study areas of Massachusetts and 
TABLE 6b.—POLIOMYELITIS CASES IN THE STUDY POPULATION BY VIRUS DETEC- 
TION, SEROLOGY, TYPE OF VIRUS, AND BY VACCINATION STATUS—OBSERVED AREAS 
Number of Cases Rate per 100,000 
Con- 2nd** Con- 2nd 
trol Grade trol Grade 
Vacci- Popu- Not Vacei- Popu- Not 
Virus Detection and Serology nated lation Inoc. nated lation S.L. Inoc. 
Virus Isolation Positive—Total . . . 20 210 22 9 29 .001 16 
Serology—Positive and probable . . 10 144 15 5 20 .001 11 
Indefinite 41 6 4 6 N.S. 4 
None 2 25 1 3 .05 1 
Virus Type I—Positive—Total . . . 14 114 7 6 16 003 5 
Serology—Positive and probable . . 6 74 6 3 10 .001 4 
Indefinite . 26 3 4 N.S. 
None 2 14 1 1 N.S. 1 
Virus Type II—Positive—Total . . . 2 34 2 1 5 .05 1 
Serology—Positive and probable . . 2 26 2 1 4 05 1 
Indefinite. . . . . . 4 1 NS. 
Virus Type III—Positive—Total 4 62 13 9 .001 10 
Serology—Positive and probable . . 2 14 7 1 6 .001 5 
Indefinite 11 6 1 2 N.S. 
Virus Isolation Negative—Total . . . 30 103 20 14 14 N.S. 15 
Serology—Positive and probable . . 6 62 9 3 9 01 7 
23 3 1 3 N.S. 
2 13 2 1 2 NSS. 1 
26 4 4 01 3 
Indefinite . 36 10 10 5 N.S. 7 
None 2 5 1 1 NS. 1 


* Less than 1 per 100,000. 
** Includes 4 cases with incomplete injections. 
S.L.—Level of statistical significance. 


essence, measured the extent of resid- central New York State is subjected to 
ual paralysis (Tables 9a and 9b). This detailed analysis (pp. 43 and 44) since 
later group demonstrated a much more _ the reported disease in these areas was 
striking preventive effect, which be- extremely mild and doubt exists as to 
comes more distinct as the severity of whether many of the illnesses are due 
the disease increases. to poliomyelitis. Of the 44 cases re- 

2) Study (pages 39 to 41 and Appen-_ ported from Massachusetts, poliomye- 
dix table) of the poliomyelitis attack litis virus was recovered from only 
rate by individual years of age in test three. Unidentified, or so-called “or- 
and control groups serves to confirm the phan” viruses were recovered from 31 
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A somewhat similar experience occur- 
red in central New York State. In these 
areas the effect of vaccine was much 
reduced or difficult to detect. The role 
of the “orphan” viruses in causing ill- 
ness has not been established and 
needs further study. 

4) The studies carried on in Canada 
and Finland (pp. 44 to 46) were 
limited in scope and differed somewhat 
in design. However, despite the small 
number of cases of poliomyelitis oc- 
curring in study children, a significant 
preventive effect was demonstrated on 
refined analysis. 

5) A major activity in the Field 
Trial areas was the investigation of all 
cases of poliomyelitis, where a study 
child resided in the household. Analy- 
sis of these data (p. 47) in placebo 
control areas indicates that among the 
233 vaccinated children exposed to a 
case of poliomyelitis in the family, 
only one developed a laboratory con- 
firmed illness, a Type I infection 
(0.43%). On the other hand, among 244 
children who had received placebo and 
were exposed under similar circum- 
stances, 8 developed laboratory con- 
firmed poliomyelitis (3.28%). This is 
a Statistically significant difference. 
This was not correspondingly distinct 
in the observed study areas. 

6) Although it was urged that 
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gamma globulin not be used in the 
study population during the course of 
these investigations; inevitably some 
was used for measles and _ hepatitis 
prophylaxis and for both family con- 
tact and mass application in connec- 
tion with poliomyelitis. Records of this 
use were collected and the tabulation 
indicates that during the period May | 
to December 31, in placebo control 
areas, only 0.9% of the vaccinated chil- 
dren and 1.1% of those given placebo 
received some gamma globulin. 

In observed control areas the use 
was even less, 0.4% in both the test and 
control groups. No matter what one 
believes about the practical effective- 
ness of gamma globulin in preventing 
poliomyelitis, the total use of this ma- 
terial and its equal distribution in 
vaccinated and nonvaccinated children 
indicates that it did not interfere with 
proper evaluation of the effectiveness 
of vaccine. 

7) Attention is called to Tables I and 
II of the Appendix which present the 
distribution of cases by diagnostic clas- 
sification and vaccination status in each 
of the 211 study areas. This should 
provide information of interest for each 
local area. The limited scope of the 
summary report makes it impossible 
to present further details of analysis 
for each study area separately. 
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OBSERVATIONS ON THE REGIONAL CIRCULATION DURING 


PHARMACOLOGICALLY INDUCED HYPOTENSION 


By E. F. Hueser, M.D. 


(From the First Department of Medicine of the University of Vienna, Vienna, Austria, Prof. 
Dr. E. Lauda, Chief of Service ) 


THE introduction of new potent 
blood pressure depressants such as 
hexamethonium, protoveratrine or the 
hydrazophthalazines into medical prac- 
tice has opened a new field for the 
treatment of hypertension. Encourag- 
ing therapeutic results were reported 
from all over the world!*. The mecha- 
nism of the action of these depressants 
was investigated by reliable hemo- 
dynamic Considerable 
changes in the regional blood flow in 
the various vascular beds and in the 
pressure constants of the circulation 
were observed during the phase of 
pharmacologically induced hypoten- 
While each drug 
produced different changes in the re- 
gional circulation, these changes seem- 
ed to be specific for a given drug. In 
addition to the changes in regional 
circulation noted during the induced 
hypotension, integrative action on the 
whole organism, as, for example, a 
dangerous fall in blood sugar during 
an operation with controlled hypoten- 
sion!!, was reported. 

These findings have an important 
bearing in the selection of the new 
drug for the treatment of hypertensive 
vascular disease. We conducted, there- 
fore, three types of studies to investi- 
gate the influence of these agents on 
renal circulation and in the whole or- 
ganism: 1) A study of renal function. 
2) An investigation of possible changes 
n extracellular fluid and some other 

onstituents of the blood during the 
veriod of induced hypotension. 3) The 


investigation of circulation time during 
this induced hypotensive phase. 


Methods. 1) The kidney function was 
determined before and during the acute stage 
of induced hypotension by clearance methods. 
The inulin and PAH-clearance tests were 
used, and the filtration fraction as well as 
resistances in the vas afferens and efferens, the 
resistance in the renal veins and the total 
resistance expressed in mm. Hg/min./cc. times 
7.992 = Dyn. sec. cm.-5 were determined. 

The hypotensive drugs were given in a 
dosage which caused a drop in blood pres- 
sure of at least 20% without creating unpleas- 
ant or dangerous side reactions. 

2) In order to record changes in permea- 
bility within the entire capillary bed during 
the phase of pharmacologic depression of 
the blood pressure in hypertensive individ- 
uals certain blood constituents were analyzed. 
In 10 patients the systemic arterial pressure, 
the hematocrit, the density of the serum of 
whole blood and blood cells were determined 
before and during the induced depression of 
the blood pressure. The density was deter- 
mined gravimetrically with Pregel’s precision 
pipettes in collaboration with H. Scheid (see 
Method, Scheid?2°). 


Results. In the upper columns of the 
Figs. 1 to 5, one can see that the 
various depressants PVS (Puroverine, 
Sandoz), Regitine, the hydrazophthal- 
azines Apresoline and Nepresol, and 
Depressin (hexamethonium) almost 
invariably depress kidney function dur- 
ing the phase of pharmacologic hypo- 
tension of the systemic blood pressure. 
It is apparent that only the onset, 
degree and duration of this action 
vary with the various depressants. 
The urine total volume decreases in- 
variably simultaneously with the blood 
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Pvs acute 


Fig. 
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REGITIN 


1 Fig. 2 


Fig. 1.—Effects of a 20% fall in blood pressure, induced by Puroverine (PVS), on renal func- 
tion, expressed in % change from prehypotensive values. 


GLF = glomerular filtration rate cc./min. 


RPF = renal plasma flow cc./min. 


FF 
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Fig. 2.—Effects of Regitin on 


= filtration fraction. 
= urine flow cc./min. 


= total vascular resistance. 


= resistance in afferent vessel. 
= resistance in efferent vessel. 
= resistance in renal vein. 


renal function in hypertensive patients. (See Fig. 1 for key 
to abbreviations. ) 
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CIRCULATION DURING PHARMACOLOGICALLY INDUCED HYPOTENSION 


pressure fall. This shutdown of urine 
production may be interpreted as a 
balance for the energy loss through 
decreased kidney function. Using the 
Lamport method for the determina- 
tion of vascular resistance, we found 
the resistance in the vas afferens and 
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Fig. 3 
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efferens, in the renal vein and conse- 
quently the total resistance to be 
changed in a different way depending 
on the various drugs used. Apresoline, 
for example, was found to increase the 
total resistance, while hexamethonium 
mainly depressed it. With Protovera- 


NEPRESOL 


Fig. 4 


tig. 3.—Effects of Apresoline on renal function in hypertensive patients. (Note increase of 
total resistance.) (See Fig. 1 for key to abbreviations. ) 


x, 4, 


Effects of Nepresol on renal function in hypertensive patients. (See Fig. 1 for key 
to abbreviations. ) 
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trine the total resistance was lowered 
in the first phase of hypotension and 
later slightly increased. 

In Figs. 6, 7 and 8, the columns rep- 
resent average values obtained in 10 
experiments and are expressed in per- 
centage deviation from the mean values 
taken under basal metabolic conditions. 
The mean systemic pressure (see Fig. 
6) drops sharply 15 minutes after the 
intravenous injection of 0.2 mg. Puro- 


DEPRESSIN 


tt 


Fig. 5.—Effects of Depressin (hexamethon- 
ium) on renal function in hypertensive pa- 
tients. (See Fig. 1 for key to abbreviations. ) 
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verine. This drop becomes highly sig- 
nificant 25 minutes after injection. One 
can see that the hematocrit falls simul- 
taneously. This fall is statistically sig- 
nificant and remains so during the rest 
of the test. The phenomenon would 
indicate that the blood has become 
more liquid with the drop in blood 
pressure and is interpreted in Figs. 
6 and 7. It is obvious that this thinning 
of the blood is caused by an increase 
in the fluid of the serum and conse- 
quently in the whole blood. The fluid 
content of the blood cells and, ac- 
cordingly, their density remain un- 


_ changed (see Figs. 7 and 8). It can 


be seen that the 1 mean values for the 
density of the serum and whole blood 
drop simultaneously with the decrease 
in blood pressure (see Fig. 8). Accord- 
ing to Schade’s theory of equilibrium 
of hydration, one would assume that 
the decrease in osmotic pressure fol- 
lowing a reduction of blood pressure 
is caused by the dehydration of the 
connective tissue cells, while the cells 
of the vascular walls become hydrated. 
Such a process may be in part respon- 
sible for maintenance of the normal 
equilibrium of the cardiovascular sys- 
tem in the course of a successful re- 
duction in blood pressure in hyperten- 
sives. This has also been reported by 
Scheid and Siedek?! in the treatment 
of this condition with iodine. 

In studies of 20 hypertensive pa- 
tients the circulation time (Decholin 
time) remained within normal limits 
when these patients were studied in the 
lying position and had a moderate 20 to 
30% decrease in their blood pressure. 
This was true provided that these pa- 
tients were found to have a circulation 
time within normal limits during the 
control period. No side effects were 
elicited or volunteered by the patients 
during this period of induced hypoten- 
sion. Even when greater decreases in 
blood pressure were induced, the circu- 
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lution time remained normal until fur- 
ther decreases were induced or when 
circulatory collapse or shock was noted 
or when the patient assumed the stand- 
ing position. At this time the values 
for circulation time rose significantly 
above normal. Obviously the homeo- 
static regulation maintains the blood 
flow to the organs by continuous re- 
adjustments as long as possible. The 
homeostatic principle is thrown out of 
balance only with a breakdown of this 
equilibrium and this causes the circu- 
lation time to rise. It is well known 
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that even at that time a new equilib- 
rium is re-established which maintains 
the blood flow to the vital organs. 
This new equilibrium has been called 
that of “centralized circulation” (Dues- 
berg and Schroeder*). At this point 
the circulation time becomes shorter 
again and reveals a false normal value. 

Discussion. Our studies as well as 
those of others!~*14-17:19.22,23 revealed 
that as a consequence of the use of 
the hypotensive drugs in the treatment 
of hypertension certain parts of the 
vascular system show an _ increasing 
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Fig. 6.—Effect of Puroverine (average of 10 determinations ) on mean systemic pressure (mP), 


density (D%) and hematocrit. 
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depth of ischemia or reduced blood 
flow. This was apparent for all drugs 
in our studies on the kidney blood 
flow. However, in the use of moder- 
ate dosages of these drugs we found, 
in further clinical studies with long- 
term therapy in hypertensives, that the 
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Fig. 7.—Effects of Puroverine (average of 10 
determinations ) on the density of erythrocytes. 


tendency of decrease in blood flow to 
a given area could be counterbalanced, 
presumably by homeostatic mecha- 
nisms. 

When the blood flow to the kidneys 
decreases, we noted a_ simultaneous 
decline in urine output, indicating that 
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the work of this particular organ has 
been decreased. One would expect, in 
view of the decrease in renal blood 
flow caused by the use of hypotensive 
agents treated over a long term in this 
way, that the patients would show evi- 
dence of increasing renal failure. Six 
hypertensive patients with laboratory 
evidence of beginning renal decompen- 
sation were treated over a long period 
with Puroverine. The blood pressure 
was fairly well controlled to constant 
low levels. During this period we did 
not find any clinical or laboratory evi- 
dence of increasing renal insufficiency. 

We cannot say from this study 
whether our failure to observe increas- 
ing renal decompensation meant that 
this drug when used intermittently over 
a 24-hour period was not sufficiently 
active to cause such an undesirable 
effect. It may be, however, that due 
to the vascular re-adjustments in the 
kidney, operating through homeo- 
static mechanisms, the renal failure, 
which might be theoretically expected 
on the basis of our acute studies, fails 
to appear in a long-term treatment. 
Reubi!® and Deutsch® have shown with 
blood pressure depression under Hy- 
dergine that the renal circulation de- 
creases during the acute hypotensive 
period while under effective long-term 
treatment with the same drug no re- 
duction of renal function could be 
demonstrated. 

It was of interest to us to find that 
during the hypotensive phase, result- 
ing from administration of Purover- 
ine and other hypotensive drugs, the 
hematocrit decreased, while the density 
of the blood corpuscles remained the 
same, indicating that hemodilution oc- 
curred during this period. 

The circulation time remained un- 
changed during the fall in blood pres- 
sure from administration of the various 
hypotensive drugs until vascular col- 
lapse became imminent. At this point 
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Fig. 8—Effect of Puroverine (average of 10 determinations) on the density of whole blood 
and serum. 


the circulation time became rapidly 
prolonged. In other words, a homeo- 
static mechanism comes into operation 
to maintain a steady internal state until 
the limits of elasticity of this mecha- 
nism were reached. In a later stage of 
reduced “centralized circulation” a nor- 
mal circulation time may again be 
found. At this point the circulation 
time expresses a false value on the 
ficiency of circulation. 

Summary. 1) During effective blood 
ressure reduction in hypertensive pa- 
ients with moderate renal decompen- 
ition, no increase in renal failure was 


CIRCULATION DURING PHARMACOLOGICALLY INDUCED HYPOTENSION 


Serum 


observed under treatment with Puro- 
verine, a new powerful hypotensive 
drug. Marked changes, however, take 
place in renal circulation during the 
acute hypotensive phase with all strong 
depressants. 

2) During the acute period of blood- 
pressure depression, hemodilution 
occurs. 

3) In therapeutically induced hypo- 
tension the circulation time remains 
normal. With further blood-pressure 
depression, vascular collapse is evoked. 
At this point the circulation time be- 
comes rapidly prolonged. 
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THE CLINICAL USE OF CORTICOTROPIN (ACTH) AND ADRENAL 


CORTICOSTEROIDS IN THE THERAPY OF INTRACTABLE EDEMA* 
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(From the Metabolic Unit of the Montana Deaconess Hospital, Great Falls, Montana) 


THE present day therapy of edema 
certain inadequacies. Al- 
though the treatment of edema has to 
a great extent been satisfactory, a state 
of “refractoriness” to treatment eventu- 
ally occurs. The use of corticotropin 
(ACTH) and corticosteroids in pa- 
tients with refractory edema of both 
nephrotic and cardiac origin has dra- 
matically reversed this state. 

The observation that adrenal corti- 
costeroids and the antidiuretic hormone 
(ADH) play important roles in edema 
formation has been satisfactorily estab- 
lished. Animal experimentation has 
shown that adrenal corticosteroids 
exert a significant effect in the regula- 
tion of water balance as well as elec- 
trolyte balance. The electrolyte effect 
of these steroids has been stressed in 
clinical practice; but, their effects on 
water metabolism have not received 
adequate attention. The use of these 
hormones in the past has proven to be 
of therapeutic benefit in patients with 
the nephrotic syndrome. The basic 
pathophysiology of cardiac edema dif- 
fers little from that present in the 
nephrotic syndrome. Therefore, the 
clinical use of ACTH in “refractory” or 
“terminal” cardiac edema was begun 
by one of us (FRS) 3 years ago. It is 
the purpose of this report to present 


a résumé of our experiences gathered 
during their use in “refractory” edema 
states. 


Methods and Materials. Ten patients with 
the nephrotic syndrome, 21 patients with 
“refractory” cardiac edema, and 2 cardiac 
patients with the sodium-dilution syndrome 
are included in this study. The diagnosis of 
the nephrotic syndrome was based on con- 
ventional criteria. The 21 patients with car- 
diac disease included 8 with arteriosclerotic 
cardiovascular disease, 8 with rheumatic heart 
disease, 3 with hypertensive heart disease, 
and 2 with chronic cor pulmonale. All studies 
were performed on a Metabolic Unit with 
its own laboratory and diet kitchen. The in- 
terested reader is referred to a previous pub- 
lication for details as to the Unit’s organiza- 
tion and the extensive metabolic studies 
routinely performed on patients with edema*5. 

Daily balance studies for sodium were 
done. Urinary and plasma sodium concen- 
trations were determined by a method using 
the Beckman flame photometer. The daily 
intake of sodium for the food actually in- 
gested was calculated from the data given 
by Bowes and Church’. Fecal and skin losses 
of sodium were estimated according to the 
report of Arn and Reimer?. Daily fasting 
weights were recorded on a scale sensitive to 
100 gm. 


Results. Graphic representations and 
case histories of illustrative cases only 
are presented in order to conserve 
space. 

Patients with edema that is refrac- 
tory to the usual therapeutic measures 


*This study was supported in part by a research grant H—-150-C, National Heart Institute, 


Inited States Public Health Service. 
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have shown three different modes of 
response to hormonal therapy. 

1. The usual mode of diuresis in- 
duced by the administration of ACTH 
to patients with the nephrotic syn- 
drome is an abrupt, spontaneous diure- 
sis in the days following the discontin- 
uance of ACTH therapy*14:19.26.27, 

Diuresis of this type usually begins 
in the first 24 hours after ACTH has 
been stopped’®. This pattern has sim- 
ilarly been observed by us in patients 
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with edema of cardiac origin’®. The 
diuresis is most often water in excess 
to sodium in both types of patients; 
although, proportionate losses of water 
and sodium and sodium loss in excess 
to water also occur!®. This mode of di- 
uresis induction is illustrated by F ig. 1. 

2. Edema loss may also occur during 
the administration of 
This mode of diuresis was again noted 
in both renal and cardiac patients!®. 
Diuresis and negative sodium balance 


é ACTH 6 mg. I.M. q 6 hours ge 140 M.Eq. K* Daily} 


Day 12 3 4 5 6 7 8 9 10 111213 14 15 16 17 18 19 20 21 22 23 


Fig. 1—The graphic representation of a 5-year-old male with the nephrotic syndrome who 


developed edema in the summer of 1951. His course was variable in intensity but was pro- 
gressively more severe. He was first treated by us in December, 1953. At that time he was 
markedly edematous, had ascites and a severe anemia. He was hospitalized for a period of 


98 days and his course was variable, being associated with repeated upper respiratory infec- 

tions. A 7-day course of ACTH in February, 1954, produced edema loss and subjective im- 
provement. He was readmitted in July, 1954, after he again developed a slowly progressive 


edema and ascites which followed the onset of a moderately severe diarrhea. He again 


received ACTH. This course of therapy is the one. illustrated. It is of additional interest to 


note that diarrhea stopped after 3 doses of ACTH. 


This graph illustrates weight gain and sodium retention during the course of ACTH and 
abrupt, spontaneous weight loss and negative sodium balance after the hormone was discon- 


tinued. A similar pattern was observed in 5 additional patients with the nephrotic syndrome!®, 


and in 4 patients with edema of cardiac origin?®, 


day 
iatic 
may 
amc 
as 


the 


51 
50 
49 
48 
WEIGHT 
46 
45 
44 
+ 20 
0 / 
Fis 
19: 
ica 
as 
in 
Tv 
2 
di 
m 
e 


usually begin about the fifth or sixth 
day of hormone therapy. Again, all var- 
iations of water and sodium balance 
may be encountered. Proportionate 
amounts of water and sodium as well 
as disproportionate amounts of one or 
the other may be lost’®. Figures 2 and 
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response of the kidneys to mercurial 
diuretics as well as the quantitative 
change described above. This phenom- 
enon is illustrated in Fig. 6. 

Edema loss by any of the three meth- 
ods described above was obtained in 
§ of the 10 patients with the nephrotic 


ACTH 16 mg. |.M.q 6 hours 


Day 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 


Fig. 2.—The course of an 11-year-old nephrotic female whose edema was first noted in January, 
1953. Her clinical course was rapidly progressive. She received ACTH as represented graph- 
ically in April, 1953. Sodium diuresis and edema loss began during the administration of ACTH 
as well as after its discontinuance. Water was lost in excess to sodium during ACTH therapy 
in this patient while sodium was lost in disproportionate amounts following its discontinuance. 
Two additional patients with nephrosis began a spontaneous diuresis during hormone 


therapy!®. 


3 illustrate the type of patient in whom 
diuresis begins during ACTH therapy. 

3. ACTH by some as yet unknown 
mechanism can cause renal tubules to 
egain their “sensitivity” to mercurial 
liuretics in patients who had become 
efractory to their administration’’. 
his is illustrated in Figs. 4 and 5. 
CTH may also change the qualitative 


syndrome’®; and in 18 of 21 patients 
with edema of cardiac origin’. 

The use of adrenal corticosteroids in 
2 cardiac patients with the sodium di- 
lution syndrome demonstrates the 
induction of a selective water diuresis 
without an associated sodium diuresis. 
Plasma sodium values returned to nor- 
mal during corticosteroid administra- 
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Hg 
2 mi ACTH 20 mg. I.M. q 6 hour: 


1V 


Day 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 


Fig. 3.—The graphic representation of the course of a 61-year-old female who was in severe 
cardiac decompensation due to hypertensive-arteriosclerotic cardiovascular disease. Edema had 
become resistant to all forms of management. It will be noted that sodium and water diuresis 
began spontaneously on the sixth day of therapy. She lost all edema during and following 
ACTH administration without the use of mercurial diuretics. Four additional patients with 
refractory edema of cardiac origin began a spontaneous diuresis during ACTH therapy?®. 
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Day 1 2 3 45 6 7 8 9 1011 12 13 14151617 


Fig. 4.—The data of a 7-year-old male with nephrosis who was first treated on the Metabolic 
Unit in the summer of 1948. He was maintained relatively edema-free and subjectively well 
until November, 1951. An upper respiratory infection initiated marked, generalized edema 
at that time. All of the usual measures failed to relieve his edema. He did not respond to 
mercurial diuretics. A course of ACTH and mercurial diuretics was instituted. It can be 
noted from this figure that the renal tubular reaction to mercurials improved greatly during 
and after hormone therapy. Two additional patients with nephrosis regained their “sensitivity” 
to mercurial diuretics. 
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tion. The mechanisms of this phenom- 
enon are discussed in detail in the dis- 
cussion to follow. Results obtained by 
the more specific use of adrenal corti- 
costeroids in these 2 patients allow 
us to explain many of the beneficial 
effects of ACTH in the therapy of re- 
sistant edema. These 2 patients are 
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known sodium-retaining capabilities of 
these compounds. However, the pro- 
found influence of these compounds on 
the regulation of water balance has 
been generally overlooked. The follow- 
ing discussion is a résumé of previous 
animal and clinical experiments on 
which the rationale of the use of these 
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Fig. 5.—The graphic representation of a 63-year-old male with severe arteriosclerotic cardio- 

vascular disease. His edema was refractory to the usual measures. Note the lack of response 

to mercurial diuretics before ACTH administration and the increasing responsiveness of the 

kidney to mercurials during and after hormone therapy. Five additional patients with cardiac 
edema regained their “sensitivity” to mercurial diuretics!®, 


represented graphically in Figs. 7 
and 8. 

Discussion. Intractable, “terminal,” 
cardiac edema has responded dra- 
matically to the use of ACTH and 
adrenal corticosteroids in many of our 
patients. The use of these hormones 
in the presence of edema, especially 
that of cardiac decompensation, has 
been contraindicated because of the 


compounds in patients with edema is 
based. 

The important role of the kidneys 
in the sodium retention and edema 
formation of cardiac decompensation 
has been established only recently®®-4, 
The role of the kidneys has been 
further elaborated by numerous au- 
thors®:®-?9.21,30,31, At first the mechan- 
ism of increased sodium reabsorption 
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by the renal tubules in heart failure 
was felt to be due to alterations in 
renal hemodynamics*®. More recently 
hormones from the adrenal cortex have 
also been implicated in this mechan- 
ism. An excessive outpouring of adrenal 
corticosteroids in the urine during car- 
diac decompensation was observed*:?*: 
82. It is believed that these hormones 
cause an excessive renal tubular reab- 
sorption of sodium with resultant 
edema formation. Abnormally high 
adrenal corticosteroid production might 
be explained by an increased produc- 
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tion of ACTH as has been reported in 
a series of patients with acute cardiac 
decompensation®. 

The role of the antidiuretic hormone 
(ADH) in the formation of edema has 
also become of increasing impor- 
tance**:42, Increased amounts of ADH 
have been detected in the sera and 
urine of patients with edema due to 
cardiac decompensation, nephrosis, and 
hepatic disease*'*:33.44, The function of 
ADH is primarily a regulation of the 
amounts of water reabsorbed by the 
distal tubular cells of the kidney. In- 
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Fig. 6.—Another graphic representation of the patient shown in Fig. 4. Five injections of 
mercurial diuretic (0.5 cc. subcutaneously) were given during ACTH therapy. The patient 
had shown little response to mercurials before his admission to the Unit. Estimated weight 
loss as illustrated was based on negative sodium balance data obtained daily. It has been 
our experience that estimation of extracellular fluid loss by sodium balance studies has given 
a closer approximation of actual weight loss than either thiocyanate or D,O space determin- 
ations®5, Therefore, if actual weight loss exceeds estimated weight loss it would mean a 
diuresis of water in excess to sodium. It can be noted from this graph that early in the 
course of ACTH water was lost in excess of sodium when mercurial diuretics were given. 
Later in the course of hormone therapy sodium is lost in excess of water following mercurial 


administration. 
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Fig. 7—The data obtained from the study of a 63-year-old female with hypertensive, 
arteriosclerotic, cardiovascular disease and mild, chronic uremia. She had had several 
episodes of cardiac decompensation prior to this admission and had not been completely 
edema free for:several months. A short time before this admission she developed a left- 
sided hemiplegia. The patient was admitted in moderate congestive failure. She was 
mentally alert although a complete, flaccid, left-sided hemiplegia was present. At first the 
patient responded well to the usual anti-edema regimen. However, as can be noted from this 
figure her weight began to increase. A marked fall in plasma sodium concentration occurred. 
Her urine output dropped and she entered into a sodium-dilution syndrome with ve unre- 
sponsive coma. The plasma sodium dropped to 105 mEq./L. The infusions of saline failed to 
correct the low sodium but only increased her edema. Mercurial diuretics caused further 
sodium loss without water loss. Potassium and ammonium chloride infusions failed to initiate 
a diuresis. Therefore, hydrocortisone therapy intravenously was begun. 

It can be noted from the accompanying graph that the adrenal corticosteroid initiated a 
selective water diuresis. Sodium was retained despite large urine volume. The plasma sodium 
concentration gradually returned to normal and the state of coma cleared. As plasma sodium 
values approximated normal it can be seen that “salt-loading” both intravenously and later 
orally resulted in a normal urinary excretion of the excess sodium given while cortisone was 
being administered. It must be emphasized that this occurred in a kidney that had pre- 
viously been unablé to manage even extremely low amounts of sodium without edema forma- 
tion. The patient has been maintained free of edema on a dosage schedule of 12.5 mg. of 
cortisone orally b.i.d. without the adjunctive use of mercurial diuretics. 
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creased amounts of ADH cause in- 
creased water retention. 

Strikingly, adrenal corticosteroids 
have shown profound effects on water 
balance as well as on _ electrolyte 
balance!*. Water is excreted at ab- 
normally low rates in humans who ex- 
hibit adrenal 
It has been shown that the low rate of 
water excretion is the result of in- 


creased tubular reabsorption of water 
due to an abnormally high concentra- 
tion of ADH®*. This tendency for 
increased water reabsorption in pa- 
tients with adrenal insufficiency can be 
reversed by the administration of 
adrenal That 
there is an antagonistic action between 
adrenal corticosteroids and the anti- 
diuretic hormone in the regulation of 
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Fig. 8.—A 71-year-old male who had had slowly progressing, untreated, congestive failure for 
about one year before admission. He had arteriosclerotic, 


rheumatic mitral stenosis. It can be noted from this figure that the usual anti-edema regimen 


was initially satisfactory. However, on the 14th hospital day his weight, suddenly increased 
4 pounds; his urine output fell; and the concentration of plasma sodium decreased. 
felt that he was entering into a sodium dilution syndrome. Adrenal corticosteroid therapy was 
initiated at that time. Note the rather marked diuresis of water with selective retention of 
sodium and weight decrease. Here again, as the plasma concentration of sodium returned to 
normal the urinary excretion of unwanted sodium rose. This pattern continued and the pa- 
tient became edema free without further mercurial therapy. 
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water balance appears evident. It is 
not certain whether adrenal corticos- 
teroids physically or chemically oppose 
the effect of an increased concentration 
of ADH; or, whether the administered 
adrenal corticosteroids counteract the 
unopposed antidiuretic action of ADH 
in the renal tubules in patients with 
adrenal insufficiency. Both mechan- 
isms may be active in the same patient. 
The possibility that a more complex 
mechanism than a simple “push-pull” 
mechanism forms the basis for these 
effects is probable. 

The fact that antidiuretic substances 
are present in increased amounts in 
various edema states has been pre- 
viously mentioned. Adrenal cortical 
insufficiency in cardiac edema has like- 
wise been reported*’. Adrenal cortical 
hormones are usually present in in- 
creased amounts in cardiac decompen- 
sation. However, they may be pro- 
foundly decreased in patients with 
long- standing, chronic failure in whom 
this continued stress causes adrenal 
cortical exhaustion. All of the patients 
with cardiac edema reported in this 
series had cardiac decompensation that 
was of long duration. 

The concept that edema formation 
in cardiac decompensation and neph- 
rosis is at least in part a disturbed 
balance of antidiuretic and diuretic 
factors appears sound. An increased 
antidiuretic effect can be produced by 
increased concentrations of the anti- 
diuretic principle from the posterior 
pituitary. In addition a similar increas- 
ed effect can be brought about by a 
decreased production of adrenal corti- 
costeroids in an exhausted adrenal 
cortex. This would result in an unop- 
posed antidiuretic effect of the anti- 
diuretic hormone on the renal tubular 
cells. These two situations have been 
recognized in patients with long-stand- 
ing cardiac decompensation. An antag- 
onism between ADH and adrenal corti- 
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costeroids in their effect on water 
balance has also been recognized. 

The sodium dilution syndrome in 
which the extracellular fluid space ex- 
pands greatly and edema progresses 
rapidly is often seen terminally in pa- 
tients with cardiac decompensation. 
Increased concentrations of ADH have 
been detected in the sera and urines of 
these patients'®.4,2%.38, Also, many have 
shown adrenal insufficiency. It would 
seem reasonable to assume that the 
administration of adrenal corticoster- 
oids would counteract the excessive 
antidiuretic effects on the renal tubular 
cells present in these patients. This is 
precisely what occurred in the 2 pa- 
tients represented by Figs. 7 and 8. 

Selective diuresis of water without 
sodium was obtained when adrenal 
corticosteroids were administered. The 
plasma sodium as a result rose to nor- 
mal concentrations. When normal con- 
centrations of plasma sodium were ob- 
tained it is of additional interest to 
note that any excesses of sodium were 
excreted in the urine in a normal fash- 
ion. Figure 7 demonstrates that this 
patient while receiving cortisone was 
able to excrete in the urine administer- 
ed excesses of sodium. This is startling 
when one considers that this patient 
was unable to remain completely 
edema free prior to her admission even 
with a low sodium intake and the use 
of mercurial diuretics. Apparently, 
adrenal corticosteroid administration 
restored renal ability to balance so- 
dium and water more normally. 

The mechanism as described above 
is, of course, in all probability too 
simple. The beneficial effects obtained 
in the majority of patients described 
in this report were obtained by the 
use of ACTH. ACTH may function to 
increase production of adrenal corti- 
costeroids in a stimulated adrenal cor- 
tex or by suppressing the production 


630 HEIDORN, SCHEMM: 


of ADH in the posterior pituitary, or 
both. However, ACTH has a multitude 
of physiologic effects, both recognized 
and unrecognized. Additional effects of 
benefit to patients with edema may be 
found in other actions of ACTH. 

Precise criteria to be used in the 
selection of edematous patients for 
hormone therapy have not been es- 
tablished. Their use by us has of neces- 
sity been restricted to those patients 
in whom a strict anti-edema regimen 
has failed. The possible uses of these 
compounds would appear to be exten- 
sive. It is hoped that this preliminary 
report will cause others to share our 
enthusiasm, and by trial, error, and 
experiment determine the true place of 
these hormones in the management of 
the edematous patient. 

Summary. 1. ACTH and adrenal cor- 
ticosteroids have been utilized with 
success in the treatment of 8 patients 
with the nephrotic syndrome, 18 pa- 
tients with refractory edema of cardiac 
origin, and 2 cardiac patients manifest- 
ing the sodium-dilution syndrome. 

2. The use of adrenal corticosteroids 
in the successful management of the 
sodium dilution syndrome has demon- 
strated the probable major mechanism 
by which ACTH and adrenal corticos- 


teroids exert their beneficial effect in 
refractory edema. 

Animal experiments in the past have 
revealed the profound effect of adrenal 
corticosteroids on water metabolism. 
They exert a diuretic effect that 
opposes the antidiuretic effect of the 
antidiuretic hormone from the posterior 
pituitary gland. Refractory edema 
states especially those with the sodium 
dilution syndrome often evidence in- 
creased amounts of the antidiuretic 
hormone in sera and urines. Also pa- 
tients with long-standing cardiac de- 
compensation often manifest adrenal 
insufficiency. The administration of 
adrenal corticosteroids to 2 cardiac pa- 
tients with the sodium dilution syn- 
drome restored a normal water and 
sodium balance. 

3. ACTH and adrenal corticosteroid 
administration often results in a return 
of renal tubular “sensitivity” to mer- 
curial diuretics in patients who had 
previously been refractory to their use. 

4. Criteria for the proper selection 
of patients other than refractoriness 
to the usual therapeutic measures have 
not been established. Further exper- 
ience based on trial, error, and experi- 
ment will be required to determine the 
true value of these compounds in 
edema therapy. 
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IN many instances the degree of 
renal dy sfunction as demonstrated by 
function tests may not accurately re- 
flect the extent of renal pathology. ‘Con- 
versely, postmortem findings frequently 
cannot be correlated with either the 
clinical or physiological findings. The 
opportunity to study renal pathology 
by means of biopsied material?:? soon 
after renal function tests are performed 
may help in obviating some of these 
discrepancies. Previous biopsy studies 
in hypertensive subjects undergoing 
sympathectomy’ indicate a good corre- 
lation between renal arteriolar pathol- 
ogy and PSF excretion. 


Methods. Glomerular function was esti- 
mated by using inulin clearance and tubular 
function by measuring the Tm for sodium 
para-aminohippurate!>, Three periods of 
urine collection were made and averaged in 
each instance and the results corrected to a 
surface area of 1.73 m2. Inulin was deter- 
mined by the method of Roe, Epstein and 
Goldstein‘. 

Biopsies were obtained within 2 to 3 days 
with a Turkel Needle*® and paraffin embedded 
sections cut and stained with hematoxylin 


and eosin, and by the periodic acid (Schiff) 
method. The specimens so obtained measured 
1 mm. in diameter and from 5 to 20 mm. 
long. The sections contained from 10 to 40 
glomeruli and presented an adequate picture 
of the condition of the glomeruli, convoluted 
tubules, loop of Henle, interstitial tissue and 
the small arterioles of the cortex. These were 
graded as to degree of involvement from 0 
to 4 plus. One plus glomerular lesions (Fig. 
1) represented minimal basement membrane 
thickening or cellular proliferation in most 
glomeruli or more severe changes in occa- 
sional glomeruli. Four plus glomerular lesions 
(Fig. 2) represented marked thickening of 
the basement membrane and cell prolifera- 
tion with many glomeruli being completely 
hyalinized. Two and three plus changes rep- 
resented gradations between these two. 

One plus tubular changes (Fig. 3) repre- 
sented some coarse vacuolization of the cells 
of the convoluted tubules. Four plus tubular 
changes (Fig. 4) represented atrophy, marked 
vacuolization and cellular degeneration. Again 
2 and 3 plus changes represented gradations 
between one and four plus. 

The grading of pathological changes was 
done without knowledge of the results of 
function studies. 


Results. A comparison of the histo- 
logical changes seen in renal needle 


*Sponsored by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published are those of the authors and 
do not necessarily reflect the opinion or policy of the Veterans Administration. 
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biopsy with inulin and PAH clearances 
and Tmpan was made in 31 instances 
and the data are presented in Table 1. 
The types of renal disease studied in- 
cluded acute glomerulonephritis (7 
cases ), chronic glomerulonephritis (8), 
malignant hypertension (1), nephro- 
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sclerosis (4), pyelonephritis (2), 
“hemoglobinuric nephrosis” (5) and 
intercapillary glomerulosclerosis (2). 
Two patients without renal disease 
were also studied. In 4 instances, (J.W., 
W.C., W.B., W.T.), patients were 
studied by renal biopsy and renal 


Fig. 1—One plus glomerular pathology. 
Fig. 2—Four plus glomerular pathology. 
Fig. 3.—One plus tubular pathology. 
Fig. 4.—Four plus tubular pathology. 
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functions more than once and the in-_ ies over a period of 5 months. Com- - 
tervals between these studies varied parison of glomerular pathology with pr 
from 1 month to 1 year. Two of these inulin clearance is shown in Fig. 5. . r 
were patients with glomerulonephritis, As can be seen there is only a ver; iia 
one with studies one month apart gross correlation. In general those with pa 
(J.W.) and one with studies one year 4 plus changes had very low inulin - 
apart (W.C.). One was a patient with clearances whereas those with no pa- we 
“benign” nephrosclerosis who had thology were within the normal range " - 
yearly studies for 3 years (W.B.). One for inulin clearance (131 + 21.5 cc./ io 
was a patient with a “hemoglobinuri¢ min. for men)*. It can also be seen : 7 
nephrosis’ who received 3 sets of stud- that patients with minimal glomerular . 
TABLE 1.—SUMMARY OF RENAL FUNCTION STUDIES AND ESTIMATED DEGREE 
OF PATHOLOGY. 
Glomeruli Tubules 
Clearance Degree Degree 

Pathological Inulin Glomerular Tmpan Tubular Clearance 
Case Age Date Diagnosis ce./min. Pathology mg./min. Pathology In/Tmpaxy 
TM. 2 1-21-54 Normal 143 0 132 0 1.08 
D.S. 25 3—- 9-54 Normal 121 0 112 0 1.08 
J.L. 32 10— 5-53 Acute Glo- 

merulo- 

nephritis 109 1 59 2 1.85 
R.J. 29 4-11-52 “ 34 3 18 3 1.89 
28 3— 1-54 75 3 75 1.00 
LW. 28 «4+ 2-54 72 Q 84 1 0.86 
R.Jo. 00s 4 111 1 132 1 0.84 
HJ. $4 4-29-54 “s 138 1 126 0 1.09 
F.P. 82 8-23-54 a 58 3 40 Q 1.48 
B.E. 45 7-30-53 Chronic 

glomerulo- 

nephritis 28 Q2 14.0 
EJ 57 7-20-53 39 3 41 1 0.95 
wc 31 7-53 8 4 0 8 
W.c. 31 4-23-54 9 4 0 3 
JV. 64 12-17-53 “ 72 1 104 1 0.69 
ES. 27. 9-16-53 a q 4 0 4 
D.M. 56 8-18-52 “ 39 Q 1 
W.By. 34 5-17-54 55 29 3 50 3 0.58 
58 5- 7-53 Malignant 

Hypertension 7 2 0 2 
W.B. $1 5-13-52 Nephro- 

sclerosis 101 2 37 Q 2.73 
W.B. 31 7- 9-53 “ 130 1 104 1 1.25 
W.B. 31 2-54 131 1 110 1 1.19 
N.S. 47 10-22-53 108 3 172 0 0.63 7 
R.J. 30 8-27-53  Pyelone- 

phritis 32 2 64 Q 0.50 bet 
CP. 88 64483 «“ 57 1 109 1 0.52 cha 
W.H. 47 2-20-53 Hemoglobin- lar 

uric nephrosis 63 1 0 4 

M.V. 47 3-24-53 $1 ] 9 4 3.54 " 
W.T. 55 1-16-53 es 42 2 28 4 1.50 Wi 
W.T. 4-53 71 1 93 1 0.76 out 
W.T. 55 4-20-53 82 1 80 1 1.02 
L.L. 56 1-52  Intercapil- wit 

lary glomeru- 

losclerosis 70 3 5 2 66 


“ 


cy 59 6— 7-54 = 33 3 33 Q 1.00 i 
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changes (1 plus) often give low inulin 
clearances. In fact 6 out of 9 had inulin 
clearances below 100 cc./min. 

Since the correlation between func- 
tion and pathology might be related to 
the etiology of the pathology and since 
our largest group of patients was that 
with glomerulonephritis, function and 
pathology were compared in these 
(Fig. 6). This comparison shows a 
better correlation. 
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tion, it may be that this pathological 
finding is not functionally significant. 
Unlike glomerular function no partic- 
ular disease appears to produce closer 
correlation between tubular function 
and histology. 

High ratios of inulin clearance/ 
Tmpan occurred in 3 instances: B.E., 
M.V., and L.L. Low ratios were pres- 
ent in R.J., C.P., W.B., J.V., and N.S., 
and in patient W.T. as he recovered 


RELATION BETWEEN GLOMERULAR PATHOLOGY 
AND INULIN CLEARANCE 
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Tubular function shows somewhat 
better correlation with structural 
changes (Fig. 7). When obvious tubu- 
lar damage is present (3 and 4 plus) 
marked depression of Tmpan occurs. 
With less severe damage (1 plus) 9 
out of 10 patients had Tmpay values 
within a range accepted as normal 
(79.9 + 16.7 mg./min. for men)®. 
Since tubular pathology interpreted as 
| plus changes represented vacuoliza- 
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DEGREE GLOMERULAR PATHOLOGY 


g. 5.—Inulin clearance plotted against the estimated glomerular pathology. 


from his “lower nephron nephrosis.” 
These values appear to have no rela- 
tionship to the etiology of the renal 
disease. 

Since PAH extractions were not de- 
termined no interpretation of the renal 
plasma flows can be made. 

Discussion. One of the disadvantages 
of needle biopsy is that the tissue ob- 
tained may not be representative of the 
renal pathology. In 8 instances where 
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Fig. 7—Tmpau plotted against the estimated tubular pathology. 
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biopsied patients subsequently came to 
necropsy, a comparison of the biopsy 
and necropsy specimens showed a sim- 
ilar pathological picture. It is assumed, 
therefore, that the specimens obtained 
in this study represented a fairly ac- 
curate picture of renal pathology. 
The results of this study would indi- 
cate that in general there is only a 
rough correlation between renal func- 
tion and pathology. In a specific in- 
stance, such as the comparison of 
glomerular function and pathology in 
glomerulonephritis, correlation may be 
better. This can probably be explained 
in part by the fact that glomeruloneph- 
ritis is a diffuse disease, affecting all 
glomeruli in nearly the same degree 
whereas diseases such as nephrosclero- 
sis and pyelonephritis tend to affect 
some parts of the kidney and spare 
others. Thus, the interpretation of the 
degree of pathological involvement is 
difficult, even if specimens larger than 
those obtained by needle biopsies were 
studied, and renal function may be 
better or worse than would be expected 
from the pathology present. This com- 
plicates the study of renal disease by 
function tests since the interpretation 
of the findings depends both on the 
etiology of the disease as well as on 
the de ‘gree of pathology. Hence, in 
glomerulonephritis, 3 plus glomerular 
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changes give values for inulin clear- 
ance in 3 instances between 29 and 39 
cc./min. but in one patient with inter- 
capillary glomerulosclerosis and one 
with nephrosclerosis 3 plus glomerular 
changes are associated with higher 
clearance values (70 and 108 cc./min. ). 

These results also suggest that some 
histological changes interpreted as be- 
ing pathological, such as vacuolization 
in the tubular epithelium may be not 
functionally significant or may be a 
normal finding. Minor changes in 
glomerular structure, especially thick- 
ening of the basement membrane, may, 
however, represent functionally signifi- 
cant pathology. 

Summary. |. In 31 instances renal 
function as measured by inulin clear- 
ance and Tmpay was compared with 
the renal histology as seen in needle 
biopsy specimens. 

2. There appears to be only a rough 
correlation between these. 

3. In glomerulonephritis there is 
better correlation between glomerular 
function and the histological changes 
in the glomeruli. 

4. Minor histological alterations in 
the glomeruli are more apt to produce 
functional impairment than are minor 
histological changes in the tubules, sug- 
gesting that the former may be more 
important functionally than the latter. 
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THE pathophysiology of salt and 
water retention in edematous states 
has been the subject of numerous 
studies in recent years. Most investi- 
gators realize the primacy of failure 
of the heart in cardiac edema. It is 
also realized that ordinary homeostatic 
mechanisms, chiefly involving the kid- 
ney, become secondarily altered in 
congestive heart failure. The perversion 
of renal compensatory mechanisms re- 
sults in abnormal salt and water re- 
tention. 

Peters’? stated that in congestive 
heart failure there is increased venous 
pressure and transudation of fluid re- 
sulting in hemoconcentration and renal 
conservation of salt and water. Ver- 
ney”? was able to show that perfusion 
of certain hypertonic solutions into the 
internal carotid artery of dogs would 
cause a profound antidiuresis. He at- 
tributed this to liberation of antidiu- 
retic hormone by the osmoreceptors of 
the supraopticohypophyseal __ tract. 
Baldes and Smirk! emphasized that the 
acute drop in total serum solute con- 
centration, following water ingestion, 
acts as the stimulus for water diuresis, 
rather than the absolute total serum 
solute concentration. Leaf and Mam- 
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by’* then demonstrated that in hypo- 
tonic states, such as salt depleted dogs, 
and in occasional congestive failure 
patients, there is no protection from 
further dilution of extracellular fluid 
with hydration.. Further dilution of 
serum solute did not incite a diuresis 
and result in a return of serum sodium 
and total solute concentrations to nor- 
mal levels. Elkinton and Squires’ pos- 
tulated that this abnormal response of 
fluid retention was mediated by a re- 
duction of circulatory volume in a crit- 
ical zone of the vascular system, and 
was not regulated by the extracellular 
fluid tonicity. 

There is a general tendency in 
edematous states towards mild hypo- 
tonicity of the extracellular fluid!®1%. 
Administration of physiological doses 
of Pitressin to normal subjects and 
edematous patients suggests that there 
is very little difference in the time 
required to reach maximum diuresis 
after water loading. However, the 
maximal rate of urine flow is signifi- 
cantly lower in patients with cirrhosis 
and congestive heart failure after 
rapid intravenous infusions of hypo- 
tonic solutions*'*1°.18, Large doses of 
Pitressin have produced abnormal 
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water retention in patients with heart 
failure™*!. Miller'* noted that during 
recovery from heart failure, with loss 
of edema fluid, there was a greater loss 
of water than of sodium in the urine. 
He suggested that water might be re- 
tained in excess of sodium when edema 
fluid accumulated. 

An attempt was made in the present 
study to investigate the possible hor- 
monal influences in the production of 
edema in congestive heart failure pa- 
tients. We realize that our methods do 
not necessarily duplicate the sequences 
of the syndrome of congestive heart 
failure. We have chosen to study the 
effects of relatively large doses of 
Pitressin and cortisone on electrolyte 
and water metabolism during and in 
the recovery phase of edema formation 
induced by the administration of these 
hormones. 


Method and Material. Five patients from 
the medical wards of the Philadelphia Gen- 
eral Hospital served as subjects. These pa- 
tients all demonstrated edema of cardiac ori- 
gin. There was no clinical evidence of renal 
disease; all subjects had a normal blood urea 
nitrogen and were able to concentrate their 
urine significantly as evidenced by the total 
solute concentration of 600 milliosmols/liter 
or greater®.” The diagnoses were as follows: 
two patients had inactive rheumatic heart dis- 
ease, one patient had luetic aortic insuffi- 
ciency, one patient had hypertensive heart 
disease and one patient had beriberi heart 
disease. The patients were maintained on 
digitalis and a 0.5 gm. sodium chloride diet 
except E.S. who did not receive digitalis, and 
who was allowed sodium chloride ad libitum. 
All diuretic agents were withheld during the 
period of these metabolic studies. The patients 
were allowed water ad libitum. Daily weight 
and urine volumes were recorded prior to 
breakfast. Blood for sodium, potassium and 
total serum solute determinations was drawn 
in the fasting state. The patients were ob- 
served during a control period of 5 to 7 days 
until a constant weight was maintained. Pitres- 
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sin tannate in oil (5 units daily) was then 
injected subcutaneously each morning until 
the maximum effects of this hormone were 
established as evidenced by the rapid water 
retention and weight gain and subsequent 
stabilization of the weight at this higher level. 
After the weight had been constant for several 
days, cortisone (200 mg. orally) was admin- 
istered daily, and the patient was studied 
during the period of further water retention. 
Both hormones were discontinued when max- 
imum water and electrolyte changes, as 
manifested by weight gain and decreased 
urine volume, were established. The subjects 
were then observed during the lil of 
diuresis until the weight returned to control 
levels. In one case (E.S.) the sequence of 
hormone administration was reversed. This 
patient received 200 mg. of cortisone daily, 
and then Pitressin tannate in oil until the 
effects of these hormones were noted. Another 
patient (C.B.) received Pitressin tannate in 
oil only and served as a control for this group. 

Osmotic pressure of the blood and urine 
was determined by measuring the depression 
of the freezing point with a Beckman type 
thermometer, accurate to 0.001° C. The total 
solute concentration was expressed in milli- 
osmols per liter. It was assumed that the 
solutes were totally dissociated. The total 
solute concentration more correctly should be 
expressed as millimols of sodium chloride. 
This value can be obtained simply by divid- 
ing the milliosmols per liter by 2. 

In addition, sodium and potassium deter- 
minations of the serum and urine were per- 
formed by the flame photometer technique 
using a modification of the method of Over- 
man and Davis!6, 


Results. EFFECT OF PITRESSIN ADMIN- 
ISTRATION ALONE. The administration of 
Pitressin resulted in a reduction of 
the urine volume and significant weight 
gain in all patients (Tables 1 to 5 and 
Figs. 1 to 4). There was an increase 
in the total urinary solute concentra- 
tion, but the 24-hour excretion of both 
sodium and total solutes was increased 
to a lesser degree. When salt was al- 
lowed ad libitum (E.S.) (Table 4 and 
Fig. 3) the basal urinary excretion of 


*Recent studies have suggested to us® that the ability of the patient to concentrate urine, 
is measured by the total urinary solute concentration, is a more accurate measurement of renal 
ubular function than specific gravity of the urine. Substances such as protein, sugar, urea, 
ind others, will cause variation in specific gravity without reflecting the function of renal 


ubular work. These substances have a negligible effect on the osmotic pressure of the urine. 
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sodium was high, but there was no 
significantly gr ater increase in total 
solute, water, or sodium excretion than 
there was in the patients allowed only 
0.5 gm. sodium chloride daily. All pa- 
tients developed increased venous pres- 
sure, edema and weight gain when re- 
ceiving Pitressin. The weight gain 
could not be accounted for by the small 
decrease in urine volume, but was 
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Fig. 1—C.B. 52 C.M. Hypertensive Cardiovascular Disease. Pitressin. Administration of 5 U 
of Pitressin tannate in oil resulted in a reduction in urine volume. The total serum solute 
concentration was reduced to hypotonic levels. 


ascribed to thirst and ingestion of 
water. Upon cessation of Pitressin, 
there was a diuresis within 72 hours 
with decrease in weight, loss of edema, 
rise in urinary volume and an increase 
of serum total solute and sodium ex- 
cretion. The increase in total solute 
and sodium excretion tended to be a 
result of the increase in urine volume. 
There was a decrease in total urinary 
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solute concentration which approached 
isotonic values with diuresis. The se- 
rum sodium and total serum solute con- 
centration returned to pre-treatment 
levels following diuresis. 

EFFECT OF PITRESSIN PLUS CORTISONE. 
After the weight had been stabilized 
on 5 units of Pitressin tannate in oil, 
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200 mg. of cortisone was administered 
daily (Tables 2, 3 and 4 and Figs. 2 
and 3). There was further weight gain 
and edema formation. The urinary ex- 
cretion of solutes and sodium decreased 
even though urine volume remained 
constant or increased. This suggested 
that tubular reabsorption capacity for 
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Fig. 2.—]J.H. 50 W.M. Rheumatic Heart Disease. Pitressin plus Cortisone. After adminis- 
tration of 200 mg. per day of cortisone there was no further decrease in total serum solute 
oncentration even though the patient continued to retain edema fluid. There was a con- 
omitant decrease in the 24-hour sodium and total solute excretion. Total urinary solute 


concentration also decreased. 
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644 FRANK, 
sodium had not been exceeded and 
that there was further conservation of 
sodium. The increase in weight follow- 
ing cortisone administration was prob- 
ably secondary to sodium retention 
with subsequent water reabsorption’® 
as there was no further dilution of ex- 
tracellular fluid. Cortisone did not 
cause diuresis, and no antagonism be- 


tween cortisone and Pitressin was 
noted. 
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EFFECT OF CORTISONE FOLLOWED RY 
PITRESSIN ADMINISTRATION. When corti- 
sone was administered before Pitressin, 
there was weight gain without reduc- 
tion in serum solute concentration or 
reduction in urine volume (Table 5 
and Fig. 4). Urinary solute concentra- 
tion and excretion remained constant. 
When Pitressin was added to the 
regimen there was the expected de- 
crease in serum solute concentration, 
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Fig. 3.—E.S. 


43 C.M. Beriberi Heart Disease. Pitressin and Cortisone. Administration of 


200 mg. per day of cortisone and sodium chloride ad libitum resulted in an increase in the 
basal urinary excretion of sodium. There was an increase in the total serum solute concentra- 


tion with a decrease in the total urinary solute concentration. 
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and there was an increase in urinary 
concentration and excretion of solutes. 
Again there was no indication of antag- 
onism between these hormones; both 
were exerting different and indepen- 
dent actions on water and salt re- 
tention. 

Discussion. Pitressin has been shown 
to cause water retention and weight 
gain in normal patients as well as in 
patients with edema!*. When Pitressin 
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was administered there was an increase 
in the urinary excretion of sodium and 
total solute with dilution of serum 
solutes, and decrease in serum sodium 
concentration. Leaf'? suggested that if 
fluids were restricted at the time of 
Pitressin administration these changes 
would not occur. The weight gain and 
dilution of extracellular fluid resulted 
from an increased ingestion of water, 
suggesting that the mechanisms for 
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Fig. 4.—].H. 57 C.M. Luetic Heart Disease. Cortisone plus Pitressin. In this study cortisone 
was administered before Pitressin. Upon the addition of Pitressin tannate in oil the urinary 


solute concentration and excretion tended to increase. 
solute concentration or urine volume. 


There was no reduction in serum 
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preservation of the normal serum 
solute concentration and urinary ex- 
cretion of water and solutes were op- 
erating to produce edema. Exogenous 
antidiuretic factors caused further dilu- 
tion of the carefully guarded extracel- 
lular fluid tonicity at a time when 
elaboration of a hypotonic urine of low 
sodium concentration could have cor- 
rected this hypotonic state of the se- 
rum. The continued reabsorption of 
water by the kidney under these con- 
ditions leads to the perversion of a 
homeostatic mechanism with conse- 
quent edema formation. Antidiuretic 
substances have been isolated from the 
blood and urine of patients with con- 
gestive heart failure?*. Large doses of 
Piiressin tannate in oil have caused 
marked weight gain and abnormal re- 
sponses to intravenous infusions of 
water*. Increased sensitivity to the anti- 
diuretic substances is probably not the 
cause for this abnormal response. Both 
normal patients and those with edema 
and ascites diurese in a normal period 
of time after physiological doses of 
Pitressin in response to water load- 
Tikewise, abnormal in- 
activation of physiological amounts of 
exogenous Pitressin does not occur be- 
cause there is an equal duration of re- 
sponse to this hormone in both the 
normal and edematous 
Increased production of antidiuretic 
substances for prolonged periods of 
time, irrespective of total serum con- 
centrations, or inability to inactivate 
abnormally high concentrations of 
these antidiuretic substances, or both, 
must be considered as possible mech- 
anisms. 

A large body of evidence exists dem- 
onstrating antagonism between the 
posterior pituitary and the adrenal cor- 
tex in salt and water metabolism. 
These effects have been demonstrated 
in both adrenalectomized and hypo- 
physectomized Attempts 
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to cause diuresis with adrenal cortical 
substances have failed in most in- 
stances. Corticoids at least fail to cor- 
rect the water loading diuretic inade- 
quacy of edematous patients or the 
abnormal weight gain and edema 
caused by exogenous administration of 
Pitressin!!1°, 

The additional weight gain following 
cortisone administration, after stabil- 
ization on 5 units of Pitressin tannate in 
oil daily, occurred with a decrease in 
total solute and sodium excretions af- 
ter the addition of cortisone. When 
cortisone was administered initially 
there was no change in the serum so- 
dium and solute concentration during 
the period of weight gain and edema 
formation. There was no dilution of 
serum solutes until Pitressin was ad- 
ministered. This would indicate that 
Pitressin and cortisone have separate 
and distinct actions on fluid retention. 
Pitressin administration caused a reten- 
tion of water without retention of total 
solutes or sodium, whereas cortisone 
caused a reduction in the urinary ex- 
cretion of sodium (the most active 
osmotic constituent of the serum and 
urine), and subsequent obligatory 
water reabsorption. This would sug- 
gest that water can be reabsorbed 
without sodium, whereas sodium reab- 
sorption would entail water being 
carried with it. There was no decrease 
in either sodium or total solute excre- 
tion after the administration of Pitres- 
sin. However, weight gain, venous dis- 
tention, and edema ensued with subse- 
quent hypotonicity of the serum sug- 
gesting that these changes were inde- 
pendent of sodium retention. Cortisone 
addition caused still further weight 
gain and edema with a decrease in ur- 
inary excretion of sodium and. total 
solutes. Thus with cortisone adminis- 
tration, water and sodium were reab- 
sorbed in what we presume to be iso- 
tonic proportions. 
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Upon the withdrawal of Pitressin 
there was a drop in the total urinary 
solute and sodium concentrations with 
elaboration of a hypotonic urine of 
large volume. The urinary loss of so- 
dium and total solutes was far less 
than could be accounted for by the 
loss of extracellular fluid of isotonic 
concentrations, and would indicate that 
more water than sodium was excreted 
during this recovery phase of conges- 
tive failure. 

The hypotonicity of the serum under 
the influence of Pitressin was probably 
not due to an intracellular shift of so- 
dium. If this had occurred, one would 
have expected either an increase in 
serum potassium concentration or an 
increase in the urinary excretion of po- 
tassium. During these studies there 
was no significant change in the serum 
concentration or urinary excretion of 
potassium. Furthermore, the decrease 
in total serum solute and sodium con- 
centrations was accompanied by sig- 
nificant weight gain. 

The homeostatic mechanism for 
preservation of the circulating blood 
volume probably includes both adrenal 
and posterior pituitary influences. 
These hormones may operate inde- 
pendently to produce sodium and fluid 
retention with subsequent congestive 
heart failure. 

Summary and Conclusions. 1. The 


ACKNOWLEDGMENTS. 


649 


administration of Pitressin tannate in 
oil for prolonged periods of time to 
cardiac patients resulted in the produc- 
tion of a picture of congestive heart 
failure with venous distention, edema 
and weight gain. There was an increase 
in urinary total solute and sodium ex- 
cretion with a reduction of the serum 
solute and sodium _ concentration. 
Weight gain could not be accounted 
for by the decrease in urine volume 
and was ascribed to thirst and subse- 
quent ingestion of water. 

2. Upon cessation of Pitressin there 
was loss of weight and edema fluid. 
The serum sodium and total solute con- 
centrations returned to pretreatment 
levels with the development of a dilute 
urine of large volume. Again the urin- 
ary total solute and sodium concen- 
trations were far less than would be 
expected if extracellular fluid was ex- 
creted in isotonic concentrations. 

3. The administration of cortisone 
after weight stabilization had been at- 
tained with Pitressin caused further 
edema and weight gain. There was, 
however, no further decrease in the 
total serum solutes and sodium concen- 
trations in the face of water retention. 
This would entail at least two separate 
mechanisms, namely, (1) retention of 
water due to Pitressin, and (2) sodium 
retention due to cortisone followed by 
water retention. 
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THE RELATIONSHIP OF PREDOMINANCE OF LESIONS IN THE RIGHT 


VERSUS THE LEFT LUNG TO THE PROGNOSIS OF ADVANCED 
PULMONARY TUBERCULOSIS BEFORE CHEMOTHERAPY t 


By Rocer S. M.D.** 


(From Trudeau Sanatorium of the Trudeau-Saranac Institute, Trudeau, New York) 


A RETROSPECTIVE analysis of 1504 
patients admitted to Trudeau Sanato- 
rium from 1930 to 1939, with active, ad- 
vanced pulmonary tuberculosis without 
major tuberculous or nontuberculous 
complications, has recently been com- 
pleted. The materials, methods and 
background features of the series are 
described elsewhere’. 

Comparisons and evaluations were 
made in two ways: 

a) FIVE-YEAR RESULT. The 5-year re- 
sult was considered “good” if the dis- 
ease had become clinically controlled, 
with no evidence of cavity and with 
negative sputum, within 3 years; and if 
relapse had not occurred within the 
balance of the 5-year period. If a pa- 
tient was lost through death from non- 
tuberculous causes or loss of contact 
in less than 5 years, the case was rated 
“nonevaluable.” Otherwise the result 
was “poor.” 

Sixty-seven moderately advanced 
and 8 far advanced cases were “non- 
evaluable,” leaving 1,429 cases for an- 
alysis by this method. 

b) THE 20-YEAR TUBERCULOSIS MOR- 
BIDITY AND MORTALITY experience was 
corrected for differences in duration of 
observation by the life table method. 
Patients were classified as “sick” in a 
given year if under treatment for tu- 
berculosis or known to have positive 
sputum during six or more months of 


the year. Proportions of “well,” “sick” 
and “dead-tuberculosis” were comput- 
ed after elimination of lost cases at the 
time the loss occurred. 

Differences in proportions were 
tested for statistical significance by the 
standard error and chi square methods. 
A difference which might have arisen 
from chance alone in no more than 2% 
of cases was considered significant. All 
differences which failed to meet this 
criterion were rated as nonsignificant, 
even though in many instances they 
may have been indicative of possible 
or even likely interdependence of the 
developments being tested. 

The cases were analyzed by all fac- 
tors which could be determined in 
retrospect, including the presence and 
amount of disease in each lung sep- 
arately according to a method describ- 
ed by Salkin and Cadden”. 

Results. The 5-year results showed a 
surprising but not statistically signifi- 
cant difference in favor of left versus 
right sided, far advanced disease (Fig. 
1). No such difference was discernible 
by this method of evaluation when the 
disease was moderately advanced in 
extent. 

The 20-year morbidity and mortality 
experience was then studied. In Figs. 
2 and 3 it is seen that patients with far 
advanced disease in the left lung and 
moderately advanced, minimal or none 


*This study was made possible by a grant-in-aid from the Committee on Medical Research 
of the American Trudeau Society, Medical Section of the National Tuberculosis Association. 


tPresented at the 14th Veterans Administration-Army-Navy Conference on Chemotherapy 
f Tuberculosis, February 7, 1955, Atlanta, Georgia. 


**Present address: 


4200 East Ninth Avenue, Denver 20, Colorado. 
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PREDOMINANCE OF LESIONS IN THE RIGHT VERSUS THE LEFT LUNG 


in the right, fare better in the long 
run than those patients with disease 
of comparable extent predominantly on 
the right. Differences were tested at 
the 5, 10 and 15-year levels. The dif- 
ferences were statistically significant at 
only one point, at 10 years, in Fig. 3. 

In Figs. 4 and 5 it may be seen in 
addition that patients with moderately 
advanced disease in the left lung and 
minimal or none in the right fare better 
than patients with moderately ad- 
vanced disease in the right and mini- 
mal or none in the left. None of these 
differences were statistically significant. 

Comment. A glance at the charts 
will show that the trend is over- 
whelmingly in the direction of favoring 
the left lung. It is more noticeable in 
those cases with disease almost or en- 
tirely in one lung (Figs. 2 and 4) than 
in those with a somewhat more equal 
distribution (Figs. 3 and 5). This fact, 
the remarkable consistency of the trend 
favoring the left lung, is not taken into 
consideration by chi square or standard 
error tests for statistical significance. 

However, it almost certainly lends 
weight to the hypothesis that left lung 
tuberculosis behaves more favorably 
than right lung tuberculosis, especially 
in the absence of any plausible contrary 
explanation of the manifest trend. 
These observations should be _inter- 
preted with caution because this was 
not a controlled study and one cannot 
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be sure that age and character and 
even extent of disease may not have 
been more favorable in the left than 
in the right lung lesions. This possibility 
is slightly increased by the fact that 
the right lung is slightly larger than the 
left. However, it is not likely that there 
were major differences. 

The findings suggest that the human 
handles tuberculosis in the right lung 
less effectively than it handles a com- 
parable amount of disease in the left 
lung. To the writer’s knowledge there 
have been two previous suggestions 
that this may be so. Left pneumo- 
thorax was once thought to be more 
effective than right pneumothorax’. 
Dock? has endeavored to explain apical 
localization of tuberculosis on the pe- 
culiarities of pulmonary circulation and 
upon the oxygen and carbon dioxide 
requirements'* of M. tuberculosis on 
growth. Starting with about 20 mm. of 
mercury, the head of hydrostatic pres- 
sure in the pulmonary artery is pre- 
sumed to approach zero in the erect 
position, in the upper lungs, thus per- 
mitting an abnormal accumulation of 
oxygen and an abormal removal of 
carbon dioxide from normally ventil- 
ated areas, thus creating an environ- 
ment particularly favorable to the 
growth of tubercle bacilli. Because of 
the two angles in the right pulmonary 
artery, not present in the left pulmo- 
nary artery, Dock* postulates a_pre- 


‘ig. 1—Five-year results in advanced pulmonary tuberculosis by side and extent of predom- 


inant lesions. 


‘ig. 2—Morbidity and mortality of pulmonary tuberculosis, far advanced in one lung and 


minimal or none in other, by side of predominant lesions. 


Fig 


. 3.—Morbidity and mortality of pulmonary tuberculosis, far advanced in one lung and 


moderately advanced in the other, by side of predominant lesions. 


‘ig. 4.—Morbidity and mortality of pulmonary tuberculosis, moderately advanced in 


one 


lung and none seen in the other, by side of predominant lesions. 


‘ig. 5.—Morbidity and mortality of pulmonary tuberculosis, moderately advanced in 
lung and minimal in the other. by side of predominant lesions. 


one 


sumed greater loss of hydrostatic pres- 
sure on the right than on the left due 
to the turbulence of flow around 
corners. This may cause a zone of 
high alveolar oxygen and low carbon 
dioxide, resulting from deficient or ab- 
sent pulmonary circulation, to extend 
from the apex more deeply on the right 
than on the left. The pulmonary cir- 
culation in the upper lobes has not 
been actually measured, to the writer's 
knowledge. Martin and Cline’, how- 
ever, have recently verified the pos- 
tural changes in both O. and CO, 
tensions in upper lobe air spaces of 
humans by catheterizing the upper lobe 
bronchi. Scott, Hanlon, Olson and as- 
sociates**"! have also apparently dem- 
onstrated by anastomosis and ligation 
of branches of the pulmonary arteries 
in monkeys the adverse effect of purely 
systemic arterial blood upon tubercu- 
losis, administered intravenously both 
before and after operation. 

It is of considerable practical impor- 
tance that the 5-year results (Fig. 1) 
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gave an incomplete story with particu- 
lar regard to moderately advanced dis 
ease in contrast to the long term mor- 
bidity and‘ mortality data which are 
presumed to give a more reliable pic- 
ture of the situation. 

Summary and Conclusions. Of 1,504 
consecutive patients admitted to Tru- 
deau Sanatorium, 1930 to 1939, with 
advanced pulmonary tuberculosis with- 
out major complications, over 90% were 
followed to death or 1953 to 1954. 
Among various factors studied was the 
predominance of lesions in the right 
versus the left lungs. Correcting 
roughly for differences in extent of dis- 
ease, the tuberculosis morbidity and 
mortality experience for the next 20 
years was consistently more favorable 
in those patients whose lesions were 
predominant in the left lung than in 
those with predominantly right lung 
disease. A possible physiologic and 
anatomic explanation for this finding is 
discussed. 


A slight difference in morbidity and mortality favoring left lung lesions has been 


found upon review ‘of 478 patients with unilateral minimal disease (Mitchell, R. S.: Am. Rev. 


Tuberc., 67, 401, 1953). 
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HEMOGLOBIN C DISEASE IN IDENTICAL TWINS* 


By Rosert D. Lance, M.D.** 


AND 


Paut S. Hacen, M.D. 


(From the Medical Service, Veterans Administration Hospital, the Department of Medicine, 
University of Minnesota Medical School and the Nicollet Clinic, Minneapolis, Minnesota ) 


HEMOGLOBIN C disease is an heredi- 
tary hemolytic anemia due to the pres- 
ence of the abnormal hemoglobin, C, in 
the homozygous state. This entity was 
first described in 1953'*:?2. Hemo- 
globin C disease has an estimated inci- 
dence of 1 per 6,000 Negroes** and 
approximately 21 cases have so far 
been recognized. This report presents 
for the first time the clinical and lab- 
oratory findings of hemoglobin C dis- 
ease in identical twins. In addition to 
the identification of the hemoglobin 
by paper electrophoresis, red ‘cell sur- 
vival studies were carried out by the 
radioactive chromium method. 


Methods. The electrophoretic studies were 
performed according to the method of 
Motulsky, Paul and Durrum!?, but with 8 
to 11% oxyhemoglobin solutions. Approxi- 
mately 0.01 cc. amounts of the solutions 
were streaked on Whatman #3 MM filter 
paper strips and the paper was placed on 
a frame with the ends immersed in veronal 
buffer at pH 8.6 and ionic strength of 0.05. 
The buffer was contained in a plexiglass cell 
which had been divided into compartments. 
The current was run at 1.4 milliamperes per 
strip with a voltage of 150 to 160 for 5 hours. 

The cell survival studies were performed 
with the patients’ cells and with normal cells 
which were incubated in vitro for one hour 
at room temperature with Naz Cr5! QO, solu- 
tion®.24,27, Ascorbic acid was added!6 and the 
cells were then injected into the subjects. The 


radioactivity of serial blood samples was 
measured in a well type scintillation countert 
and the counts were corrected for radioactiv- 
ity decay and hematocrit variations. The 
initial count was taken as the 100% value. The 
average red cell life figures were obtained by 
the method of Dornhorst5 and were corrected 
for a Cr®1 elution of 1% per day. Fecal 
urobilinogen was determined by the method 
of Schwartz and associates!8 and fetal hemo- 
globin by the method of Singer?!. The red 
cell osmotic fragility studies were performed 
by the method of Suess et al.25. The remain- 
ing laboratory tests were performed by 
standard methods. 


Case Reports. The subjects, R.O’N. 
and D.O’N., were 25-year-old Negro 
males who were found, on routine pre- 
employment examination, to have en- 
larged spleens and mild anemia. The 
patients had been completely asympto- 
matic and throughout their high school 
and college careers had engaged in 
vigorous contact athletics. In childhood 
both had suffered from asthma but had 
otherwise been well. 

Physical examinations revealed no 
abnormalities except for splenic en- 
largement. 

The patients’ mother was 53 years 
old and the father 58. The father had 
been treated for a neurologic disorder 
in 1950 and 1951. His hemoglobin at 
that time was 15.4 and 15.8 gm. per 


*Presented at Midwestern Section American Federation for Clinical Research, Chicago, 
[llinois and Minnesota Society of Internal Medicine, Rochester, Minnesota, October, 1954. 


**On leave of absence from the Nicollet Clinic, Minneapolis, Minnesota. Present address, 
Department of Hematology, Walter Reed Army Medical Center, Washington, D. C. 


+The facilities of the Radioisotope Unit of the Minneapolis Veterans Administration Hos- 


pital were used for these measurements. 
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100 cc. of blood on repeated determina- 
tions. The mother had always been 
well. The patients had two brothers 
and three sisters all of whom had been 
well. Routine blood studies on one 
brother (J.O'N.) revealed a normal 
hemogram. However, his red cells 
sickled in a_ bisulfite test®. Electro- 
phoretic studies revealed the presence 
in those cells of sickle cell hemoglobin 
and normal adult hemoglobin (Fig. 3). 
The results of these studies confirmed 
a clinical diagnosis of sickle cell trait. 
Following the completion of the studies 
reported in this paper, one of us 
(R.D.L.) had the opportunity to study 
two of the sisters. One sister was found 
to have hemoglobin C disease. The 
other sister was found to be _ heter- 
ozygous with normal adult hemoglobin 
being present in addition to hemo- 
globin C in her red cells. 

Laboratory studies on the identical 
twins are summarized in Table 1. The 
anemia, which was present in each 
during part of the 5-month period of 
observation, was normocytic, normo- 
chromic in character. Persistent reticu- 
locytosis and increased fecal urobilino- 
gen excretion indicated increased 
hemolysis. Fetal hemoglobin determin- 
ations were performed on. several oc- 
casions with varying results. As seen 
in Table 1 some of the determinations 
were elevated above 1.2%, the highest 
value for normal controls in this lab- 
oratory. Sickling tests by the bisulfite 
method? were consistently negative. 
Figure 1 shows the numerous target 
cells seen in peripheral blood smears 
of R.O'N. The red cells also showed 
moderate anisocytosis, some poikilocy- 
tosis and occasional nucleated red cells. 
D.O'N.’s peripheral blood smear was 
similar. Table 2 shows the decreased 
osmotic fragility of the red cells of 
both, in comparison with normal cells. 
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As shown in Table 3 both brothers 
had identical blood group factors.* 
This observation lends credence to the 
belief that the subjects were identical 
twins. Further support for this belief 
came from comparison of the skull 
roentgenograms of the two subjects. 
Although no abnormality was revealed 
in either film the comment on the 
skull markings was as follows: “The 
skull markings are peculiarly similar 


TABLE 1.—LABORATORY STUDIES ON 
IDENTICAL TWINS WITH HEMOGLOBIN C DISEASE 


R.O'N. D.ON. 
R.B.C. 5,150,000 4,560,000 

per ul per pl 
Hemoglobin 11.9 to 15.0 12.9 to 16.1 

gm/100 cc. bid gm/100 ce. bld 

Hematocrit 35.6 to 42% 36.9 to 45% 
MA:.N. 82 89 
M.C.H. 27.5 v7 32 vv 
M.C.H.C. 34% 36.5% 
Reticulocytes 3.6 to 9.7% 4.0 to 8.9% 
Fecal 524 to 1,649 619 to 1,780 
Urobilinogen (mg/day) (mg/day) 
Fetal Hgb. 0.61 to 3.7° 0.70 to 3.7%* 
Sickling Negative Negative 
W.B.C. 9,500 10,750 
Neutrophils 68 71 
Lymphocytes 22 19 
Monocytes 10 5 
Eosinophils 0 4 
Basophils 0 1 


* One determination at the Army Medical 
Service Graduate School Department of Hema- 
tology, Walter Reed Army Medical Center 
showed 2.9% oneach. We are indebted to Lt. Col. 
J. H. Akeroyd for performing this determination 
and the electrophoretic patterns on the two 
sisters. 


TasBLeE 2.—ErytuHrocyte Osmotic FRAGILITY 
IN HemMoGLoBiIn C DISEASE 


Na Cl Control R.ON. D.ON. 
% (% Hem.) (% Hem.) (% Hem.) 
.60 0 0 0 
.54 0 0 0 
51 2 0 0 
48 6 0 0 
45 29 0 0.9 
74 0.9 9 
. 36 93 9 16 
.33 93 9 43 
7 96 33 54 
0 100 100 100 


*The blood groupings were performed by Dr. Philip Levine, Ortho Research Foundation, 


Raritan, New Jersey. 
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. and suggest the possibility that 
these (subjects) are identical twins.” 
Figure 2 shows the results of the 
red cell survival studies. The patient’s 
own cells in each instance, tagged by 


TABLE 3.—BLoop GROUPING IN 
IDENTICAL TwINs with HEMOGLOBIN C DISEASE 


D CE e Jke Let 
R.ON. 90 + + 0 + M o o okk Ss 
DONO + + 0 + M o o o kk Ss 
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The hemoglobin paper electropho- 
retic patterns of the two subjects, R. 
O’N. and D.O’N. as well as that of the 
brother, J.O"N., are shown in Fig. 3. 
For comparison the patterns of nor- 
mal adult hemoglobin (Hgb A) and 
sickle cell hemoglobin (Hgb S) are il- 
lustrated. It should be noted that 
hemoglobin A had the fastest mobility 
and hemoglobin C the slowest, while 
hemoglobin S had an intermediate mo- 


Fig. 1—Peripheral blood of R.O’N., showing presence of numerous target cells. 


in vitro incubation with Cr®*!, showed 
markedly shortened survival. The av- 
erage life of the cells was calculated 
as 21 and 24 days for R.O’N. and 
D.O’N., respectively. On the other 
hand, transfused radiochromium-tagged 
normal cells had normal survival in 
D.O’N., while in R.O’N. the normal 
cells had a normal survival for 2 weeks 
followed by a rapid disappearance 
‘oincident with a febrile illness. These 
omparative red cell survival studies 
iemonstrated a primary red cell defect 
n the patients’ cells. 


bility. That the twins were truly 
homozygous for hemoglobin C was 
demonstrated by the absence of other 
hemoglobins in the electrophoretic 
pattern. 

Discussion. At the present time 8 
species of hemoglobin have been 
and a system of 
nomenclature has been accepted”. 
Two of these, hemoglobin A and hemo- 
globin F (normal fetal hemoglobin), 
are normal varieties. Hemoglobins C, 
D, E, G, H and §S are abnormal adult 
hemoglobins. The clinical states as- 
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Percent Initial Cr5! Count 


Fig. 2.—Erythrocyte survival studies in subjects, R.O’N. and D.O’N. 


Fig. 3.—Hemoglobin patterns of identical twins, R.O’N. and D.O’N., and a brother, J.O’N. 
Normal hemoglobin (A) and sickle cell hemoglobin (S) are shown for comparison. 
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Hemoglobin C Disease in Twins 
Cr 5! Red Cell Survival 
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sociated with abnormal hemoglobins 
are named in the following manner. 
Individuals homozygous for the abnor- 
mal hemoglobin or having two abnor- 
mal hemoglobins, or having an abnor- 
mal hemoglobin in combination with 
another inherited red cell abnormality 
are Classified as having the disease. In- 
dividuals possessing normal hemoglobin 
together with an abnormal hemoglobin 
are Classified as having the trait. 

Hemoglobin C was first described 
in 1950 in combination with hemo- 
globin A and in combination with 
hemoglobin S’°. In 1953, hemoglobin C 
was first reported in the homozygous 
state'***. Terry, Motulsky and Rath?® 
reviewed the reported cases of hemo- 
globin C disease and added one of 
their own. Singer et al.*° have recently 
reported 4 more cases. 

The present cases are similar to 
those previously described. So far, all 
other known cases except one have 
been in Negroes. The one exception 
was reported in a 16-year-old boy of 
[talian parentage*. In common with the 
others, our patients had _ excessive 
hemolysis. There was reticulocytosis 
and increased fecal urobilinogen ex- 
cretion. Numerous target cells were 
present on peripheral blood smear and 
sickling tests were negative. As in 
other cases the red cells had decreased 
osmotic fragility. The electrophoretic 
patte rms, necessary to confirm the diag- 
nosis, showed the presence of only the 
abnormal hemoglobin C. Although on 
most determinations the fetal hemo- 
globin values were within normal 
limits, other determinations showed 
elevated values in contrast to pre- 
viously described cases?®.6, However, 
at least one other observer has found 
an elevated fetal hemoglobin value in 
hemoglobin C disease. Red cell sur- 
vival studies demonstrated a shortened 
life span due to an intracorpuscular 
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defect. The average red cell life figures 

of 21 and 24 days of autotransfused 
cells in our subjects are comparable 
with an uncorrected “half life” of 19 
days in one other patient?*. On the 
other hand, in 4 other subjects, the 
average red cell life, determined by 
the Ashby technique when patients’ 
cells were tranfused into normal indi- 
viduals, was found to be 13 days, about 
30 days, 42 days, and 55 days, respec- 

Some of the other cases of hemo- 
globin C disease have had arthralgia 
but this symptom was lacking in our 
patients. 

It is of interest that one of the 
brothers of our patients was found to 
have sickle cell trait with a hemoglobin 
pattern of SA, and one of the sisters 
was found to have hemoglobin C trait 
with a hemoglobin pattern of CA. 
These findings, together with the pres- 
ence of homozygous C hemoglobin in 
3 family members, would indicate, 
therefore, that the parents, if they be- 
come available for study, should show 
a hemoglobin pattern of SC and AC 
since hemoglobin C is apparently in- 
herited as a Mendelian dominant!!1415. 
17,20,22,26 

Summary. The case histories and 
laboratory findings of hemoglobin C 
disease in identical Negro twins have 
been presented. 

The diagnosis may be suspected by 
the presence of splenomegaly, anemia, 
reticulocytosis, numerous target cells 
and absence of sickling, but electro- 
phoretic studies are essential for con- 
firmation. 

Red cell survival studies showed a 
markedly shortened survival time of 
autotransfused cells, indicating the 
presence of a hemolytic process. 

From a clinical point of view, in our 
subjects hemoglobin C disease was ~» 
apparently benign condition. 
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CLINICAL STUDIES ON A VASOPRESSOR AGENT: 
METARAMINOL (ARAMINE)* 


I. OBSERVATIONS IN NORMOTENSIVE SUBJECTS 


By Max H. Wet, M.D. 
RESEARCH FELLOW IN MEDICINE 


AND 


WEsLEY W. Spink, M.D. 


PROFESSOR OF MEDICINE 


(From the Department of Medicine, University of Minnesota School of Medicine and the 
Medical Services of the University Hospitals and the Veterans Administration Hospital, 
Minneapolis, Minnesota ) 


In 1910, Barger and Dale’ described 
a group of “sympathomimetic” com- 
pounds, and set forth certain basic 
principles governing the relationship of 
molecular structure to their pharma- 
cological activity. Beta-phenylethyla- 
mine is the structural nucleus of the 
group which includes epinephrine as 
its prototype, and the closely related 
compounds, ephedrine, phenylephrine 
(Neosynephrine) and amphetamine 
(Benzedrine). Minor modification of 
structure permits a wide selection of 
related pharmaceutical actions. The 
structurual relationship of epinephrine, 
norepinephrine (Levophed) and met- 
araminol is shown in Fig. 1. 

For clinical purposes, it is desirable 
to select a pressor drug, which ap- 
proaches an ideal, from the large num- 
ber of sympathomimetic agents that 
have been synthesized. Interest in 
such an agent was stimulated because 
of the apparent increase in shock due 
to bacterial infections in the clinics 
issociated with the University of Min- 
nesota’*. In describing the properties 
of the more desirable pressor agent, 


*levo-l-(m-hydroxpheny] ) -2-amino-1-propanol 


Hellerstein‘ has stated: “... (it) would 
elevate blood pressure, increase periph- 
eral resistance, produce a proportion- 
ate increase of coronary flow, have 
minimal side effects, and would not 
decrease cardiac output or produce 
serious arrhythmias.” To these attri- 
butes we would add the following: 
The agent should exert a prompt pres- 
sor effect after administration; it should 
be possible to control readily the re- 
sulting pressor effect; reactive hypoten- 
sion (secondary vasodilation) should 
be absent or minimal; the drug should 
be available for administration by con- 
venient routes and preferably without 
fluid vehicle for intravenous use; it 
should be free from tachyphylactic ac- 
tivity (diminishing response with suc; 
cessive administrations); the pressor 
drug should cause minimal renal vas- 
cular constriction; and finally, the 
agent should not provoke local tissue 
damage at the sites of injection. 

It is unlikely that any one agent will 
meet all of the desirable requisites. 
Available information suggested, how- 
ever, that metaraminol might approxi- 


letaraminol was generously supplied by Dr. John Beem, Asst. Medical Director, Sharp & 


Dohme, West Point, Pa. 
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mate the ideal agent more closely than 
other commonly used drugs. Livesay 
et al.® characterized metaraminol as a 
potent vasopressor agent having the 
advantages of prolonged duration of 
action, causing no detrimental altera- 
tions in cardiac rhythm, and having no 
appreciable effect on cardiac output. 
Sarnoff!) demonstrated in dogs an in- 
crease. in myocardial contractility and 
cardiac output following the adminis- 
tration of small doses of metaraminol. 


blood pressure is elevated from mark- 
ed hypotensive to normotensive ranges 
with norepinephrine or metaraminol, 
however, Moyer et al.* found that cere- 
bral blood flow is increased. Livesay*® 
and Moyer’ compared renal blood flow 
following the administration of norepi- 
nephrine and metaraminol. In compari- 
son with the magnitude of the pressor 
response, less renal vascular constric- 
tion was noted for metaraminol than 
for norepinephrine. Metaraminol may 


CHe-NHz 


CH, 


beta ~phenylethylamine 


CHa—NH CH—NH 
CH—-OH CH—OH CH—OH 


Oe OH 


epinephrine norepinephrine metaraminol 


Fig. 1—Chemical relationship of epinephrine, norepinephrine and metaraminol to beta- 
phenylethylamine. 


This cardiotonic action, which pre- 
ceded the vasopressor effect, occurred 
independently of coronary blood flow. 
However, larger doses did result in an 
increase in peripher ral resistance and 
coronary blood flow. Sarnoff regards 
the central or cardiac effect of the 
pressor amines of equal or greater im- 
portance than the peripheral action in 
the treatment of shock. Elevation of 
blood pressure in normotensive patients 
decreases cerebral blood flow. When 


be given by any parenteral route. It 
dows not cause tachy phylaxis’. 
Norepinephrine, though the most po- 
tent of the available pressor agents, 
has a serious disadvantage because it 
causes local tissue damage at the site 
of injection. It has been reported that 
local venospasm and blanching of the 
skin occurs in nearly half of “the pa- 
tients treated with this dr ug®. The pro- 
cedure of a “surgical cut- down” with 


insertion of a polyethylene catheter 
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does not afford complete assurance 
against tissue necrosis or thrombo- 
phlebitis. Deep ulceration involving 
skin and subcutaneous tissue has re- 
quired skin grafting and even amputa- 
tion!?. Precautions undertaken for the 
protection of local tissue result in a 
delay of therapy. The injection of un- 
diluted norepinephrine must be avoid- 
ed and a fluid vehicle is required for 
its administration. Only the intraven- 
ous route of administration is recom- 
mended. Preliminary catheterization of 
the vein, careful attention to the adja- 
cent tissues, and the constant super- 
vision by nursing personnel have been 
enforced whenever norepinephrine has 
been used at the University of Min- 
nesota Hospitals. In spite of these pre- 
cautions, serious damage to the tissues, 
thrombosis, and cellulitis have followed 
its use. After 14 days of continuous 
therapy, in a patient recently observed, 
extensive gangrenous sloughs occurred. 
This constant threat of tissue damage 
due to norepinephrine is particularly 
disconcerting in patients being treated 
for shock due to bacteremia. These pa- 
tients have been observed to survive if 
the blood pressure is supported over 
long periods of time, sometimes exceed- 
ing 2 weeks?*. 

Both methoxamine (Vasoxyl) and 
mephentermine (Wyamine) leave 
much to be desired in the treatment 
of shock because the pressor response 
to these agents is lost relatively early 
in the course of therapy?*. Phenyleph- 
rine has the disadvantage of causing 
cardiac arrhythmia’. 

In an effort to evaluate further the 
clinical values of metaraminol, the 
present study was undertaken. Because 
of the difficulty in interpreting obser- 
vations made during the state of shock 
in human beings, observations were 
made initially on normotensive volun- 
teers. 
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Methods of Study. Single subcutaneous, 
intramuscular, or intravenous injections of 
metaraminol were administered on 51 occa- 
sions to 31 subjects. All of the volunteers 
were young normotensive males free of de- 
monstrable cardiovascular disease. Before in- 
jection, the individuals were instructed and 
encouraged to report all subjective effects 
that followed. The blood pressures were 
measured with a standard clinical sphyg- 
momanometer with the patients in the supine 
position. The pulse was evaluated by palpa- 
tion of the radial artery. Subcutaneous injec- 
tions were made into the volar surface of the 
forearm, and intramuscular injections into 
the deltoid muscle. Intravenous injections were 
given into the antecubital vein. After a pe- 
riod of rest, and following 2 control readings 
before administration of the drug, blood pres- 
sures and the pulse were measured at 1 to 5- 
minute intervals shortly after the injections, 
and 5 to 15 minutes in instances where the 
drug caused a prolonged effect. The injec- 
tion sites were examined during and after 
each study, and all objective and subjective 
observations were recorded. 

Comparative studies were possible in 15 
subjects, each of whom was tested by both 
subcutaneous and intramuscular injections of 
metaraminol on different days. The cardiac 
rhythm was also studied electrocardiograph- 
ically in 14 individuals. 


Results. PRESSOR RESPONSE. Only a 
slight rise in blood pressure occurred 
following either the subcutaneous or 
intramuscular injection of 5 mg. of 
metaraminol. However, a dose of 7 to 
10 mg. caused a more marked and re- 
producible increase in both systolic 
and diastolic pressures. As a baseline 
for determining the pressor effect with 
respect to its onset and duration, arbi- 
trary values were selected, consisting 
of a rise of 20 mm. above the systolic 
baseline and a rise of 10 mm. above the 
diastolic baseline blood pressure. There 
were individual variations in relation 
to the rapidity of the rise in pressure 
and the maximal response. The dura- 
tion of the elevation also varied from 
subject to subject. Following subcu- 
taneous and intramuscular injections, a 
significant pressor effect, once obtained, 
almost always persisted for 30 minutes. 
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On the other hand, an occasional vol- 
unteer displayed a significant response 
for as long as 3 hours. 

The results are summarized in Table 
1 and illustrated in Fig. 2. A single 
subcutaneous or intramuscular dose 
had a latent period of 5 to 12 minutes 
before a rise in pressure was detected. 
Maximum blood pressure readings oc- 
curred approximately 30 minutes after 
injection. Pressor effects persisted for 


TABLE 1.—AVERAGE DURATION AND INTENS 
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50 to 90 minutes after injection. The 
rapidity of onset and the duration of a 
maximum response were correlated 
with an increase in dose. A finding not 
anticipated was a more prolonged and 
at least equally potent pressor response 
that followed the subcutaneous injec- 
tions as compared to the intramuscular 
injections. This was also noted in the 
comparative subcutaneous-intramuscu- 
lar studies of the 14 paired observations 


ITY OF PRESSOR EFFECT OF METARAMINOL 


IN NORMOTENSIVE VOLUNTEERS FOR THE DOSES AND ROUTES SHOWN 


Maximum Maximum 


Fig. 2.—Comparative effects of subcutaneous, 
of metaraminc 


Onset of | Timeof Duration Systolic Diastolic No 
Number of Route of Dose in Pressor Maximum of Rise Rise Pressor 
Individuals Administration mg. Effect* Response* Response* (mm. Hg) (mm. Hg) Response 
4 Intramuscular 5 10 30 63 52 36 2 
+ Subcutaneous 5 18 30 44.5 35 10 2 
10 Intramuscular 7to8 12.3 26.2 54.5 50 22 | 
11 Subcutaneous 7to8 9.6 35 71.7 51 24 1 
t Intramuscular 10 6.5 29 68 70 46 0 
6 Subcutaneous 10 5.3 29.3 90.3 88 35 0 
12 Intravenous 3 to 6 L7 4.7 25.1 66 31 0 
* Time in each case refers to minutes after injection. 
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intramuscular and intravenous administration 
(Aramine ). 
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Fig. 3.—Blood pressure and pulse response following intravenous injection of 
metaraminol (Aramine ). 
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in which the same doses were used; 
11 demonstrated a superior response to 
the subcutaneous administration. 

Following the intravenous injection 
of metaraminol, a pressor response oc- 
curred within 2 minutes (Figs. 2 and 
3). While a maximum pressor effect 
was manifested within 5 minutes, a 
protracted response was observed for 
an average of 25 minutes. 

PULSE AND ELECTROCARDIOGRAPHIC 
srupiEs. A slowing of pulse rate (of 
10 or more per minute) occurred in 
36 of the 51 individuals (Table 2). 
The decrease in the rate was noted 
particularly after metaraminol was 
given intramuscularly (Fig. 4). A 
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conduction were reflected by a slight 
shortening of the PR interval and 
flattening of the P waves (Fig. 5). 
Flattening of the P wave was partic- 
ularly prominent after a long diastole. 
Nodal rhythm or nodal escape occurred 
in 4 subjects. A changing auricular 
pacemaker was observed on one oc- 
casion (Fig. 6). No abnormality of 
ventricular rhythm or conduction was 
noted. Of interest was the disappear- 
ance of occasional premature ventric- 
ular contractions in one subject after 
metaraminol had been given _intra- 
venously. 

SIDE EFFECTS. Commonly encountered 
reactions were severe occipital head- 


PULSE CHANGES FOLLOWING ADMINISTRATION OF METARAMINOL TO 


VOLUNTEERS FOR THE DOSES AND ROUTES SHOWN 


Time of Timeof Duration Decline in No 
Number of Route of Dosein Onset of Maximum of Slow Beat per Pulse 

Individuals Administration mg. Slowing* Slowing* Rate* Minute Response 

4 Intramuscular 5 35 61.2 65 15 1 

4 Subcutaneous 5 25 47.3 60 20 1 

10 Intramuscular 7 to 8 11 39 66 23 2 

11 Subcutaneous 7to8 19.5 38 62.5 21 1 

4 Intramuscular 10 17.5 52.5 157 26 2 

6 Subcutaneous 10 37.5 50.1 100.8 Q7 1 

12 Intravenous 3 to 6 3.2 4.6 10.8 18 7 


* Time in each case refers to minutes after injection. 


pressor response without a decrease in 
pulse rate occurred frequently, where- 
as only an occasional subject had a 
significant slowing of the pulse without 
an elevation in blood pressure. A re- 
ciprocal relationship between blood 
pressure and pulse was observed (Figs. 
3 and 4). 

Sinus arrhythmia was detected elec- 
trocardiographically in 5 of 14 control 
tracings. Following the injection of 
metaraminol, 13 of 14 subjects mani- 
fested sinus arrhythmia. There was a 
close time relationship between the ap- 
pearance of the pressor response, the 
maximum blood pressure reading, and 
the onset and marked manifestations 
of arrhythmia. Changes in auricular 


ache and a compressive sensation in the 
chest (Table 3). Nausea and vomiting 
occurred occasionally. These manifesta- 
tions were always related to an exces- 
sive elevation of blood pressure. The 
symptoms subsided promptly following 
a decline in blood pressure and were 
relieved when the blood pressure was 
reduced by changing the subject's 
position from supine to sitting. Irregu- 
larities of pulse were clarified with the 
aid of electrocardiograms and were, as 
noted above, sinus or auricular in 
origin. Diaphoresis, persisting up to 3 
hours after injection, was observed in 
7 patients. The injections were not gen- 
erally considered to be painful and 
careful examination of the site of in- 
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5 Minutes 
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Fig. 5.—Electrocardiographic sequence following administration of 3 mg. metaraminol intra- 
venously to normotensive volunteer (all lead 2). 
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6.—Changing auricular pacemaker in the presence of bradycardia after administration of 
7 mg. metaraminol. 
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jection failed to reveal injury to the 
skin or underlying tissues. 

A “warm feeling” was associated with 
diaphoresis. After the rapid intravenous 
injection of metaraminol, a feeling of 
euphoria and “tingling throughout” 
were reported by several subjects. 
Mild tachycardia occurred in 2 patients 
which was in contrast to the expected 
sinus slowing otherwise observed. In 2 
subjects, mild and asymptomatic hy- 


TABLE 3.—SIDE EFFECTS AFTER AD- 
MINISTRATION OF METARAMINOL TO 
FIFTY-ONE VOLUNTEERS 


Headache 
Irregular pulse (asymptomatic) 
Transient compressive feeling in chest 8 
Diaphoresis 
Painful injection site 
Nausea 
“Warm” feeling 
Dizzy “high” feeling 

“Heart beats fast” 

“Tingling 
Vomiting . 
Chill 
Tachycardia (asy mptomatic) 
Hypotension (asymptomatic) 
Subjective shortness of breath 
“Cold” feeling 
Tachypnea 

Transient ery thematous rash 
Urinary frequency 


potension lasting 2 to 4 hours followed 
the hypertension induced by metara- 
minol. 

Comment. Metaraminol may be ef- 
fectively administered by 3 parenteral 
routes without demonstrable injury to 
tissues at the site of injection. A prompt 
and potent vasopressor response may 
be obtained with a single intravenous 
injection of 3 to 10 mg. A problem 
often posed by patients in profound 
shock, namely, venous collapse, may 
be circumvented by the injection of 
metaraminol directly into the femoral 
vein. This vein is almost always acces- 
sible, and a time-consuming and trau- 
matic cut-down procedure may there- 
by be avoided. The ensuing pressor 
response improves venous tone so that 


a needle can then be inserted into an 
antecubital vein. Subsequent main- 
tenance of blood pressure may be se- 
cured by the intravenous infusion of 30 
to 200 mg. of metaraminol per liter of 
fluid’. When the blood pressure has 
been sustained, subsequent support 
may be afforded by single subcutan- 
eous injections of the drug. Since a pro- 
longed effect may be achieved by sub- 
cutaneous or intramuscular injections of 
metaraminol, it becomes practical to 
maintain blood pressure by intermittent 
injection. This has been particularly 
useful where fluids had to be curtailed 
because of renal insufficiency or in sev- 
eral instances where vasopressor sup- 
port was required for periods exceed- 
ing one week'®. Injections given at in- 
tervals of one-half to 2 hours place 
less of a strain on nursing personnel. 
Technical disadvantages incident to 
continuous intravenous infusions are 
avoided. The lack of patient coopera- 
tion is circumvented. The present 
study indicates that use of the subcu- 
taneous route achieves an equally po- 
tent and more prolonged action and is 
therefore to be preferred over the intra- 
muscular route. 

Metaraminol provokes a variable but 
at times intense vagotonic effect. In 
this respect, the drug resembles phe- 
nylephrine and methoxamine’. Irreg- 
ularities of pulse result from depres- 
sion of the sinus node and depression 
of auricular conduction. In shock, slow- 
ing of the heart rate may be undesir- 
able when increased cardiac output is 
needed to maintain peripheral blood 
flow. Since atropine effectively blocks 
the vagal effect of these compounds 
without altering the pressor effect, the 
drug may be employed along with 
metaraminol in selected cases. In one 
instance; metaraminol produced a pres- 
sor response in a patient whose shock 
was due to bacteremia, but only after 
the bradycardia was abolished by 
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atropine. In another instance, metara- 
minol was given to a patient with 
supraventricular tachycardia. A 2:1 
block with an auricular rate in excess 
of 300 was increased to 3:1 and 4:1 
blocks with effective ventricular slow- 
ing. Freedom from ventricular arrhyth- 
mia is reassuring. Livesay’s® impres- 
sion that metaraminol demonstrates no 
detrimental arrhythmias is in accord 
with the findings in the present study. 

No significant toxic effects were cor- 
related with metaraminol directly. The 
conditions of the experiment were such 
that acute hypertension was induced 
with consequent headache, nausea, and 
vomiting in several subjects. Diaphore- 
sis, with a cold moist skin not unlike 
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that of vasomotor collapse, was the 
only definite side effect and this caused 
no discomfort. 

Summary and Conclusions. Single 
injections of metaraminol (Aramine ) 
were given to normotensive subjects in 
a preliminary clinical study of this new 
vasopressor agent. As far as the present 
observations permit, the drug is a po- 
tent pressor agent and is nontoxic. Its 
potential clinical value is reflected in 
its safety with respect to tissue at the 
site of injection and its prolonged 
effect. The availability of an effective 
pressor agent for intravenous and sub- 
cutaneous use offers certain medical 
and nursing advantages in the care of 
patients in shock. 
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In 1952, in a study of the hemag- 
glutination test for tuberculosis of 
Middlebrook and Dubos in ocular dis- 
ease we' noted that in 5 cases of sar- 
coidosis the hemagglutination _ test 
showed no antibody titer. That the 
skin of patients with sarcoid does not 
respond usually to large doses of tu- 
berculin, even after repes ated inocula- 
tions with B.C.G. vaccine is well known 
and this has been thought by some to 
be a specific “anergy” to tuberculin. 
Friou® studied intracutaneous reac- 
tions to trichophytin, mumps and tu- 
berculin antigens in patients with sar- 
coidosis and suggested that the de- 
crease in delayed hypersensitive reac- 
tions is a broad, immunologically non- 
specific, phenomenon probably affect- 
ing all delayed hypersensitive reactions. 

In 1949, Wells and Wylie®, demon- 
strated that a tuberculin neutralizing 
substance is present in the gamma 
globulin fraction of the sera of patients 
with sarcoid. They mixed serum of sar- 
coid patients with old tuberculin and 
allowed the mixture to stand for 48 
hours. They then injected a_ small 
amount of the mixture intracut: aneously 
into persons who were known positive 


tuberculin reactors and found that no 
skin reaction now occurred. Control 
sera from healthy patients usually had 
no such effect on the tuberculin test. 
They found that though the sera from 
established cases of saxcudtiogls are by 
far the most constant in the tuberculin 
neutralizing effect, the phenomenon is 
occasionally observed with apparently 
normal sera and in diseases other than 
sarcoidosis. Conversely, the serum from 
an occasional patient with sarcoidosis 
did not neutralize O.T. They concluded 
that this test involving the injection of 
material from the patient into another 
person was not suitable as a diagnos- 
tic procedure. 

We decided to determine (1) wheth- 
er this tuberculin neutralizing factor of 
Wells and Wylie would also neutralize 
the O.T. antigen of the hemagglutina- 
tion test of Middlebrook and Dubos, 
and (2) whether it was present in a 
high percentage of sarcoid sera as con- 
trasted with other sera. This would 
transfer the reaction to the test tube 
and it could then conceivably be val- 
uable as a diagnostic test for sarcoid. 

Following the method of Wells and 
Wylie, sera from patients with sarcoid- 


*This study was aided by the Milton Berle Fight for Sight Award of the National Council 


to Combat Blindness. 
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osis was mixed with the 4 X O.T. 
antigen which is used in the hemagglu- 
tination test and the mixture was al- 
lowed to stand for 48 hours. Using this 
mixture as the modified O.T. antigen, 
the Middlebrook-Dubos hemagglutina- 
tion test was performed with sera of 
tuberculous patients known to have 
positive hemagglutination reactions in 
high titer to the unmodified O.T. anti- 
gen. Sera from other sick hospital pa- 
tients and from healthy individuals 
were also tested in the same way as 
were the sera of patients with sarcoid. 


Methods and Materials. There were 386 
tests performed on a total of 121 individuals. 
The antigen after having been treated by the 
serum of a given individual was always used 
in at least two tests with the sera of two or 
more high titer tuberculous patients. Sarcoid 
patients’ sera were tested against 4 or 5 high 
titer sera. 

Sera from 13 patients with sarcoidosis, 16 
patients with pulmonary tuberculosis, 15 hos- 
pital patients with a variety of chronic ill- 
nesses other than sarcoidosis or tuberculosis, 
(Fig. 4), and 74 healthy controls were tested. 
Most of the healthy controls were also hos- 
pital patients who had no obvious inflamma- 
tory or degenerative disease, but who had 
come to the hospital for some elective opera- 
tion such as hernioplasty or plastic surgery. 
The rest of the healthy controls were labora- 
tory technicians and doctors. 

Definitions. The term “test serum” is used 
in this report to describe the serum which 
is being tested for its inhibiting effect upon 
the hemagglutination reaction using an “in- 
dicator serum.” 

The term “indicator serum” is used to 
describe a serum with a known constant high 
titer of antibodies in the hemagglutination 
test of Middlebrook-Dubos. 

Procedures. ‘Test serum is inactivated at 
56° C. for % hour. Two cc. inactivated serum, 
3.3 ce. saline buffered to pH 7.4, plus 2 
ce. 1:1000 Merthiolate is incubated at room 
temperature with 0.6 cc. 4 x O.T.* for 48 
hours (two hours at 37° is also satisfactory 
and then Merthiolate may be omitted). The 
above concentrations were found to be op- 
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timal. One-tenth cubic centimeter packed 
washed sheep cells is added and incubated 
at 37° C. for two hours. Cells are washed 3 
times with buffered saline and then suspended 
in 50 cc. buffered saline. This suspension of 
cells treated as described above is the anti- 
gen sensitized cell system to be reacted with 
test sera. These cells are tested against known 
high titer “indicator sera” to determine the 
inhibiting effect of test sera. 

An O.T. sensitized cell system is prepared 
similarly but is not incubated with test serum. 
These cells are used to determine the anti- 
body titer of the indicator serum, as in the 
usual Middlebrook-Dubos technique’. 

All sera used are inactivated prior to use. 
Sera used as high titer “indicator sera” are ab- 
sorbed on sheep cells and washed prior to 
use. Serial 1: 1 dilutions of “indicator sera” are 
made with buffered saline and are incubated 
with O.T. sensitized cells for 3 hours at 37° 
C. They are left to stand overnight at room 
temperature and the degree of agglutination 
is read. (Overnight incubation may be omit- 
ted if cells are spun at 2,000 RPM for 1 
minute. ) 


The following control measures were taken 
in .every test: 

(a) Two different “indicator sera” were 

used in each inhibition test. 

(b) Hemagglutination titers’ were deter- 
mined for each test serum and each 
“indicator serum.” 

Heterophile antibody titer was check- 
ed with control tubes in each test and 
and a complete titration when indi- 
cated. 

The usual reagent controls were in- 
cluded in each run.** 


(c 


(d) 


Results. 1. The sera of hospitalized 
ill patients neutralized the O.T. antigen 
more than twice as often as did the 
sera of healthy control individuals. 
Marked or complete depression of the 
hemagglutination reaction was produc- 
ed by the sera of 69% of the patients 
with sarcoid, by the sera of 75% of the 
tuberculous patients, by the sera of 
74% of hospitalized ill patients with a 
variety of chronic diseases, but by the 


°The 4 x O.T. used in these tests was obtained through the courtesy of the Lederle 


Laboratories. 


*°We are greatly indebted to Mrs. Jane Fenton of the Clinical Laboratory, Veterans Ad- 


ininistration Hospital, for valuable technical assistance and suggestions. 


sera of only 31% of normal healthy 
controls (Table 1). 

2. Inhibition of the hemagglutina- 
tion reaction was not specific, occurring 
about as frequently with the sera of 
patients with sarcoidosis, tuberculosis, 
or the miscellaneous group of diseases 
(Figs. 1, 2, 3, 4). 

3. The ability of the patients’ serum 
to neutralize the O.T. was_ inde- 
pendent of the source of high titer 
“indicator serum” used or the number of 
times tested. There were only two ex- 
ceptions in the entire series where a 
serum depressed the reaction of one 
“indicator serum” and did not depress 


672 FINE, FLOCKS, FEICHTMEIR: 


which inhibited and 3 of which did not, 
revealed essentially normal patterns in 
all cases. 

7. Study of the amount of Forssman 
antibodies in 6 patients with varying 
abilities to inhibit revealed no relation- 
ship to the amount of Forssman anti- 
bodies. 

8. Three of the 13 sarcoid patients 
had a positive hemagglutination test 
in dilution of 1:8 or higher. There was 
no apparent relationship between this 
titer in these patients and the ability 
of the serum to neutralize the O.T. 
antigen in the inhibition reaction. 

9. The inhibiting effect of test sera 


TABLE 1.—EFFECT OF ADDITION OF VARIOUS TEST SERA UPON POSITIVE 
HEMAGGLUTINATION REACTIONS 


Total No. Accentu- No Inhi- _ Slight 


Percentage with 
Marked Complete Marked or Complete 


Disease of Cases ation bition Inhibition Inhibition Inhibition Inhibition 
Sarcoidosis 13 1 3 0 3 6 69% 
Tuberculosis 16 0 - 0 4 5 7 75% 
*Chronically ill 

hospital patients 15 3 1 0 4 ¥ 4 74% 
Healthy 
Controls 74 8 18. 25 13 10 31% 


*See Fig. 4 for diagnoses. 


the others. Similarly if it did not depress 
the reaction of one “indicator serum,” it 
did not affect the others. If it partially 
depressed one, it partially depressed 
the others. The serum of one patient 
with Boeck’s sarcoid tested against 12 
different “indicator sera” always com- 
pletely inhibited the hemagglutination 
reaction. 

4. There was no relation between the 
test patient's own hemagglutination 
titer and his inhibiting power as meas- 
ured in this test. 

5. There was no relationship be- 
tween the patients’ total serum pro- 
teins and the albumin-globulin ratio 
and the ability to inhibit the reaction. 

6. Paper electrophoresis carried out 
on the sera of 6 normal controls, 3 of 


evidently occurs through its action 
upon the O.T. or upon the sheep cell 
receptors. The net effect is the preven- 
tion of the O.T. from combining with 
or staying upon the sheep red cell. 
Introduction of the test serum after 
the sheep red cells were exposed to 
the O.T. produced no inhibiting effect. 

Discussion. The tuberculin modify- 
ing factor, as we have found it, is no 
more common in sarcoidosis than in 
tuberculosis or in other diseases. How- 
ever, it is found much less often in the 
sera of healthy controls. It is evidently 
not related to the “anergy” of sarcoido- 
sis. 

It seems likely that the tuberculin 
modifying factor we have found is the 
same factor noted by Wells and Wylie 
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Fig. 1—The inhibiting effect of test sera of healthy controls upon the positive hemagglutina- 
tion reactions (“indicator sera”). The majority of reactions with “indicator sera” were not 
inhibited or depressed as shown by the 4+ reaction in the lower dilutions (1:1 to 1:16). 
An agglutination reading of zero indicates complete inhibition. Each line represents the 

: complete titration for one test serum. 
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Fig. 2.—Inhibiting effect of test sera of 13 patients with sarcoidosis upon positive hemagglutin- 
ation reactions (“indicator sera”). The majority (8) depressed the reaction with “indicator 
sera” in low dilutions, as evidenced by the absence of any agglutination. 
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Fig. 4.—The inhibiting effect of test sera from patients with a variety of chronic diseases, 

ocular and systemic, upon “indicator sera.” The majority exhibited a depressing effect upon 

the reactions with “indicator sera,” as evidenced by the absence of agglutination in the lower 
dilutions. 
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in their study of the modifying effect 
of serum of patients with sarcoidosis 
on the tuberculin skin test. A small per- 
centage of their control patients and 
patients with diseases other than sar- 
coid also exhibited the neutralizing ef- 
fect. They did not look for the neu- 
tralizing factor patients with 
tuberculosis. 

The exact nature of this tuberculin 
neutralizing factor is unknown to us. 
Wells and Wylie, by electrophoretic 
separation, demonstrated in one case 
of sarcoid that their factor was a gam- 
ma globulin. Using paper electrophore- 
sis, we found no difference in the 
patterns of normal patients who in- 
hibited the reaction and those who did 
not. We noted no relationship between 
the total protein or albumin-globulin 
ratio of the serum and the ability to 
inhibit the reaction. Neter, Zolewski 
and Zak? showed that both lecithin and 
cholesterol strongly inhibit the hemag- 
glutination reaction to E. coli. They 
demonstrated that the inhibitory effect 
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is due to the action on the bacterial 
antigen rather than on the red blood 
cell, so as to interfere with the adsorp- 
tion of the antigen by the erythrocytes. 
That the tuberculin modifying factor 
may be due to an increase in blood 
lipids is a possibility which we have 
not yet explored. The ability of the 
sera to prevent antigen from being ad- 
sorbed by sheep cells is not limited to 
the O.T. antigen. Working with E. coli 
hemagglutination reaction? we have 
found again that some sera will inhibit 
the reaction and others will not. 
Conclusions. A nonspecific factor 
capable of preventing the adsorption 
of O.T. by sheep cells is sometimes 
present in human serum. It is found in 
approximately 70% of hospitalized ill 
patients and 30% of healthy persons. It 
is found no more often in patients with 
sarcoidosis than in other patients with 
a variety of chronic illnesses. The exact 
nature of the substance is unknown to 
us. At the present time it is of no value 
as a diagnostic test. 
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RESULTS IN THE TREATMENT OF HUNTINGTON’S CHOREA WITH 


PROCAINE AMIDE HYDROCHLORIDE 


By Jorce A. Lazarte, M.D. 
ConraD W. Baars, M.D. 


AND 


Joun S. Pearson, Pu.D. 


(From the Rochester State Hospital, Rochester, Minnesota; Magnus C. Petersen, M.D. 
Superintendent ) 


In 1952, Goldman? reported success 
in the treatment of Huntington's 
chorea with procaine amide hydrochlo- 
ride (Pronestyl Hydrochloride ).* In his 


series, 6 choreic patients were treated ° 


including 2 females and 3 males in a 
state hospital and one male patient 
seen in private practice. Clinical ob- 
servations of improvement in the 
amount of choreiform movement were 
reported in all cases. The degree of im- 
provement in the state hospital cases 
was described as ranging from “moder- 
ate” to “marked” while in the case of 
the patient seen in private practice, 
the choreic movements were described 
as “diminished almost to disappear- 
ance. 

The very poor prognosis in Hunting- 
ton’s chorea together with the fact that 
there is evidence suggesting an in- 
crease in the incidence of the disease in 
the general population* points up the 
importance of careful evaluation of any 
new treatment which offers hope of 
success. As part of a larger investiga- 
tion of the disease, we determined to 
evaluate the effectiveness of procaine 
amide in a selected group of patients 
with Huntington’s chorea the 
Rochester State Hospital. 


Method. Three male patients were selected 
for study. Each had a positive family his- 
tory of Huntington’s chorea for at least three 
generations and had been hospitalized for at 
least 3 years. In addition, each was chosen 
because he appeared to have severe motor 
involvement without such severe intellectual 
or emotional impairment as would preclude 
cooperation with psychomotor test procedures, 

Prior to beginning the medication motion 
pictures of the 3 subjects were taken during 
performance of a number of neurological ex- 
amination procedures such as the finger to nose 
test, walking a straight line, and others in ad- 
dition to normal daily activities such as light- 
ing a cigarette. These pictures were intended 
to give a graphic record of the amount of 
choreiform movement. 

Two standardized tests of motor dexterity 
were utilized. These were, the Seguin Form 
Board as presented in the revised Arthur 
Point Scale of Performance! and the O’Con- 
nor Finger Dexterity Test?. The former re- 
quires the subject to replace 10 blocks of 
different geometric shapes in the correspond- 
ing holes in a template using the preferred 
hand. The latter requires the subject to pick 
small metal pegs from a shallow dish and 
place them in holes of slightly larger diameter 
drilled in a brass plate. On both tests, the 
time in seconds constitutes the score. It was 
thought that the form board would reflect 
changes in gross eye-hand coordination while 
the peg board would give an adequate meas- 
ure of any changes in coordination of fine 
finger movements. 

The two tests were administered daily for 
a period of 10 days before medication was 


*Pronestyl Hydrochloride is the brand name of procaine amide hydrochloride produced 
by E. R. Squibb & Sons, New York, who supplied the drug used in this investigation without 
charge. 
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instituted in order to establish a base line 
of performance for each subject. The purpose 
of the testing was explained to the subjects, 
two of whom cooperated with interest. The 
third patient who showed moderate intellec- 
tual deterioration cooperated for a time but 
later lost interest and refused to complete 
the test procedures. 

Two patients had been selected in advance 
to receive the procaine amide medication. The 
third received as a placebo capsules of identi- 
cal appearance containing calcium lactate as 
a control on the possibility that factors other 
than the medication might influence the 
choreiform movements under the experimental 
regimen. 

Pronestyl Hydrochloride was administered 
for a period of 35 days as follows: an initial 
dose of four 0.25 gm. capsules; two capsules 
every 4 hours for 24 hours; and two capsules 
every 6 hours for the remainder of the period. 
It was thought that the 35-day test should 
be sufficient to reveal the nature and extent 
of any changes effected by the drug. 

The patients were housed on the same ward 
of the hospital and observed daily. Through- 
out the time in which the medication was 
administered and for 30 days thereafter the 
two tests of motor dexterity were administered 
every other day, the recorded score on each 
day representing the average time in seconds 
for the best 10 out of a total of 15 trials. 


Results. The two patients receiving 
the Pronestyl tolerated the dosage well 
and no untoward side effects were ob- 
served or reported by the subjects 
themselves. White count remained 
fairly constant throughout the study 
and no significant changes in blood 
pressure were noted. 

Considerable variation was observed 
from day to day in the amount of 
choreiform movement in all 3 patients 
studied. There was, however, no con- 
sistent tendency toward improvement 
during the period of medication. In 
fact, performance on the dexterity tests 
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indicated that the cooperative patient 
receiving Pronestyl and the control pa- 
tient both tended to become slightly 
though not significantly worse during 
the course of the medication and after 
its cessation as compared with their 
baseline performance. 

Motion pictures of all 3 patients 
taken after completion of the medica- 
tion period failed to disclose any evi- 
dence of change in amount of chorei- 
form activity when contrasted with 
the picture made earlier. 

Discussion. Failure to vary the dos- 
age up to the maximum which each 
patient could tolerate may have con- 
tributed to our negative results al- 
though it appears from the dosages re- 
ported in the previous study that this 
factor alone could not have been re- 
sponsible for the disappointing re- 
sponse. The small number of subjects 
utilized also points up the fact that our 
study cannot be considered as a cru- 
cial test of the efficacy of the drug. We 
feel, however, that objective tests of 
motor dexterity as utilized in our study 
provide a highly desirable check on the 
reliability of clinical observation in as- 
sessment of changes in degree of in- 
voluntary motor activity in investiga- 
tions of this type. 

Summary. Two male patients with 
Huntington’s chorea were treated with 
procaine amide hydrochloride (Prones- 
tyl Hydrochloride, Squibb) while a 
third received a placebo. In contrast to 
findings in an earlier report, no im- 
provement was noted in performance 
on objective tests of motor dexterity, in 
motion pictures before and after medi- 
cation, or in clinical observation. 
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PRESENT day knowledge of renal 
function leads to the following concept 
of the kidney’s operation: The hydro- 
static pressure in the glomerular capil- 
laries forces a volume of fluid into 
the glomerulus each day equal to ap- 
proximately 10 to 15 times that of the 
extracellular fluid. By the combined 
processes of passive diffusion and 
active cellular transport, 99% of the fil- 
trate with its dissolved salts is retrieved 
by the renal tubules. The tubular sys- 
tem may be thought of as constantly 
perfusing the extracellular space with 
an ideally composed fluid manufac- 
tured from a slightly less ideal glomer- 
ular filtrate?*. What at first glance 
seems a wasteful and _ ill-conceived 
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THE EVALUATION OF RENAL FUNCTION IN 
INFANCY AND CHILDHOOD* 


By B. WErtL, M.D. 


(From the Department of Pediatrics, Western Reserve University School of Medicine, 
Cleveland, Ohio ) 


mechanism becomes, in this view, a 
process of high efficiency and one with 
enormous reserve against disease. Spe- 
cific biochemical transfer systems exist 
for many of the substances salvaged by 
the tubule from glomerular filtrate. 
With such a concept of normal renal 
function, it could be predicted that 
clinical instances of disease involving 
specific biochemical tubular transport 
mechanisms should be found. Such in- 
deed has been the case, and specific 
instances of disability of the tubule to 
exchange sodium for hydrogen ions, to 
reabsorb water, calcium, glucose, amino 
acids and phosphate have been found 
in recent years. While most instances 


of renal disease in children, as in 


* Aided in part by Grant #RG-—3754 from the National Heart Institute, United States Public 


90a ‘snsoydsoyg (¢ 
oulpizueg 
yunoy sippy aynoy Poorg pey (4 
pasvelouy 
+) 
spby 
Hd “99 ‘IO : OBVUSIT 
asoonps) uy, aseyeyd 801 ‘28 ‘99 ‘pe ‘yo Poulquioy 
‘d 
aseyeyd 
‘ayeydsoyg (a 


VCE 


aseyeyd 

‘ayeydsoyg (p 

ost ‘zo ‘ge ‘og SPOY (q 
Jo 


— 
< 
— 
a 
& 
RN 


RE 


PROC 


uoIsnjul 
ayeydsoyg “OO Hd sung ‘ID ‘tN ‘1g 
oq} Jo 
8389} 


AALLVOLLSAANT GNV NOLDLONDA TVNAY AO AO NOLLVOIAISSVIO V—'l WIAVL 


679 


adults, result in symmetrical diminu- 
tion of all components of renal func- 
tion, a minority group of patients with 
highly spe cific losses of tubular func- 
tion have been described. This con- 
cept of renal disease as a single or com- 
bination of single functional disorders 
has been emphasized by Jackson and 
Linder**, Fanconi‘? and by Myerson 
and Pastors”, It is the purpose of this 
review to describe the clinically appli- 
cable methods for documenting such 
specific defects as well as methods for 
evaluation of over-all renal function in 
children. 

Table 1 presents a classification of 
renal disease in terms of specific func- 
tions and the examinations which are 
useful in studying these functions clin- 
ically. When ‘considering this method 
of classification, a number of points 
must be kept in mind: a) Each defect 
may occur singly or in combination 
with others. b) Although most of the 
reported defects have been congenital 
in origin, a few seem to have been 
acquired. c) Such defects initially may 
be predominantly tubular, yet, as the 
renal disease progresses, glomerular in- 
sufficiency may dominate the findings. 
d) Generalized kidney disease with 
relatively equal disturbance in each 
of the facets of renal function is most 
common and is apparent in many of 
the individual functional studies and in 
the broader screening ones as well. 

Because of wide variation in size, 
some basis of comparison among chil- 
dren themselves and between children 
and adults is needed. This problem has 
been reviewed by others, and weight, 
height, kidney weight, body water, 
basal metabolic rate and surface area 
have been suggested as standards of 
reference’®!,10°, At present, the most 
commonly used reference the 
“ideal” adult surface area of 1.73 m?. 
Once a basis for comparison has been 
established, the change in these func- 


680 PEDIATRICS 


tions with growth must be ascertained. 
Maturation of renal function with 
growth has been reviewed by Mc- 
Cance™78, Smith?®°® and _ Barnett’. 
Some of the previous work, as well 
as that done since the above reviews, 
will be covered in this discussion. Of 
necessity, investigations that do not 
have clinical application at this time 
have not been included. 

I. Indirect Clinical and Laboratory 
Studies. Before discussing studies in- 
volving analysis of the urine, other 
methods of investigation should be 
mentioned, for often the clues leading 
to the indictment of the kidney, as well 
as much of the evidence of its culpa- 
bility, may be obtained in these in- 
direct ways. Two nonspecific findings, 
which may be obtained in the history 
or on physical examination and may 
point to the kidney, are retardation in 
growth and fever of unknown origin: 
The fever may be from renal infec- 
tion or on the basis of dehydration re- 
sulting from an obligatory polyuria. 
Specific urinary symptoms which are 
occasionally dismissed without investi- 
gation or are not spe cifically sought for 
are polyuria, the size and force a the 
urinary stream in males and the dis- 
tinction between enuresis and incon- 
tinence. If these symptoms and signs 
are looked for routinely, many of the 
cases of obstructive uropathy can be 
diagnosed before severe damage has 
occurred®*, Obviously on physical ex- 
amination such things as unexplained 
dehydration, edema, “hy pertension, hy- 
perventilation, costovertebral angle 
tenderness or abdominal masses lead 
one to consider a possible renal lesion. 

Examination of the blood as a rep- 
resentative of the body fluids fre- 
quently incriminates the kidney. An- 
emia is characteristic of chronic renal 
disease and may be the presenting 
problem in such cases. Elevation of 
blood urea nitrogen, nonprotein nitro- 
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gen or creatinine immediately focuses 
attention on the kidney, but normal 
values certainly do not rule out many 
serious renal disturbances. If other ex- 
planations are not obvious, sudden or 
persistent acidosis, abnormalities of so- 
dium, potassium, chloride, calcium or 
phosphorus concentrations, elevation of 
alkaline phosphatase, or decreased 
serum protein concentrations may well 
be significant indications to investi- 
gate renal function. 

~ Renal disease may be suggested by 
rickets, osteomalacia, or osteoporosis 
as well as by roentgenographic exam- 
ination of the urinary system. In the 
roentgenographic examination of the 
urinary tract, the plain film (KUB) 
may be studied for abnormality of 
size, shape and position of the kidney 
and the presence of abnormal renal 
densities. Excretory pyelography should 
be carried out in all suspected cases 
of renal disease except in the presence 
of severe renal failure. The excretion 
of the dye is by both glomeruli and 
tubules; the protein-bound fraction is 
excreted by the tubules and the free 
dye by the glomeruli. The study, 
therefore, is not only valuable as a 
means of visualization of the structure 
of the excretory system, but the con- 
centration of the dye as seen on the 
film is a measure of over-all renal func- 
tion. Pre-test preparation of the in- 
fant’s gastrointestinal tract by cathar- 
tics or enemas, or both, is of little value 
in improving the radiologic appearance 
of the abdomen and should not be 
done. A better method of improving the 
results in infants is to double the 
amount of dye that is given*®. If intra- 
venous administration of the dye is 
technically difficult, some of the dyes 
(for example Diodrast) may be given 
intramuscularly, with half the calcu- 
lated amount in each gluteal area; or 
subcutaneously after diluting 1:5 with 
0.9% sodium chloirde. 


Failing to obtain satisfactory studies 
by excretory pyelography, the next 
logical roentgenographic procedure 
should be cystography. This should be 
done immediately after a spontaneous 
voiding in order to measure the resid- 
ual urine as well as to inject the radio- 
paque material into the bladder. With 
cystography, an extremely valuable 
finding which should always be sought 
is retrograde filling of the ureters. If 
present, this is an abnormal finding. 
On this examination, study of the 
urethra during voiding of the radio- 
paque material also may be done®’. 
Failing to elucidate the etiology of a 
renal lesion by these means, retrograde 
pyelography should be performed. 

II. Specific Tests of Renal Func- 
tions. Reference to Table 1 clearly in- 
dicates that a “routine” urinalysis prop- 
erly performed will provide informa- 
tion on most of the discrete functions 
to be studied. 

The collection of urine for study 
may prove the most difficult part of 
the investigation, particularly in girls. 

One of the most common methods 
in current use for collecting a single 
specimen from untrained female in- 
fants is the use of a birdseed cup 
strapped in place until the child has 
voided. The chief objections to this 
method are that the amount of urine 
obtained is small and it is frequently 
contaminated with stool and debris 
from the perineal region. In the female 
infant there is no satisfactory substitute 
except catheterization or the more 
elaborate apparatus described by 
Black'’. In boys ordinary test tubes 
can be used, and satisfactory glass 
adapters have been described’*. With 
small (No. 10 Fr.) firm rubber, reten- 
tion catheters, collections are quite 
satisfactory. Catheter collections are 
essential if precisely timed specimens 
are required. 

A. TUBULAR FUNCTIONS. 1. Concen- 
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tration and Dilution of Urine. The 
ability of the kidney to vary the excre- 
tion of water in relation to solute is 
the primary means of maintaining body 
fiuid osmolarity. In other terms this 
involves the ability of the kidney to 
concentrate and dilute urine or to re- 
spond to diuretic and antidiuretic 
stimuli. Inability to concentrate or 
dilute urine is one of the central fea- 
tures of chronic generalized renal dis- 
ease; the maximum concentration and 
dilution range which can be achieved 
narrows as the disease progresses and 
eventually the urine concentration be- 
comes the same as that of a glomerular 
filtrate with a specific gravity of 1.010 
and a solute concentration of about 300 
milliosmols per liter. In contrast to this, 
cases of diabetes insipidus, pseudo- 
diabetes insipidus*®, and “water losing” 
nephritis! produce a urine that is 
very dilute (1.001 to 1.003 Sp. Gr., 50 
to 100 m-osM./L.) and only under 
marked dehydration are able to raise 
the concentration of their urine to the 
level of a glomerular filtrate or slightly 
above it. 
The specific gravity of a random 
urine often is all that is necessary to 
eliminate many problems. A specific 
gravity greater than 1.025 in a dehy- 
drated child rules out most cases of 
generalized renal failure as well as the 
diabetes insipidus-like states. Specific 
gravities of less than 1.005 with normal 
hydration raise the possibility of a 
water-losing syndrome. The specific 
gravity in the well-hydrated child 
ameaiie between 1.005 and 1.025. Fre- 
quently the volume of urine available 
is too small to measure specific gravity 
in the usual urinometer. Micro meth- 


*Specific gravity, solute concentration, and 
follows: 
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ods utilizing comparison with non- 
miscible solutions of varying density 
are Vapor pressure, 
surface tension and refractometry have 
also been used to measure the amount 
of total solute in the urine, but are 
not clinically applicable. Freezing 
point depression as a method of meas- 
uring osmolarity is widely used and 
has the advantage of requiring only 1 
to 2 cc. of urine. The actual measure- 
ment of the colligative properties of 
the urine reflects renal function more 
accurately than the specific gravity, 
since urines with the same specific 
gravity may have somewhat different 
osmolarity and vice versa®*, The theo- 
retical disadvantages of the cryoscopic 
technique are the changes in osmotic 
activity and solubility between 37° C. 
at which the urine is formed and 0° 
C. at which the osmolarity is meas- 
ured.* 

Concentration tests are performed 
when single specimens do not give 
definitive results. Thirsting for 6 to 24 
hours, depending on the tolerance of 
the patient, is sufficient to promote 
good concentration in children (Sp. 
Gr. greater than 1.025). Undiluted 
evaporated milk formulas may be 
given to infants and produce _near- 
maximal urine concentrations in 24 to 
48 hours®®. This method avoids the 
necessity of starving infants in order 
to thirst them 

In patients ‘with diabetes insipidus 
or similar disorders, a 6-hour period 
of thirsting is often all that is required 
as the patient is quite dehydrated, 
febrile and appears ill, by this time. 
The urinary concentration ‘does not ex- 
ceed 1.015 and is usually less than 


“water concentration” correspond roughly as 


1.001 50-100 m- osM. /Liter 20-10 cc./m-osM. 
1.010 300-350 
1.020 600-700 in 

1.030 1000-1200 10-0.8 ” 

1.040 1400-1600 0.7-0.6 -” 
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1.010. Urine flow calculated as cc./min. 
is also helpful but may show consider- 
able reduction even in diabetes 
inspidus. In children a weight loss ex- 
ceeding 1.0 kg./meter? (4% of the body 
i weight) in 6 hours’ dehydration is con- 
sidered to signify a loss of the normal 
water conservation mechanism?!®, 

This capacity to maintain weight 
when thirsting is apparently just as 
adequate at birth as in the adult. New- 
borns thirsted for the first 3 days of 
life had an average weight loss of 2.0 
kg./m?/day compared to 2.4 kg./m?/ 
day for adults. This appears to be true 
in spite of the fact that the urinary 
concentration at the end of the 3-day 
thirst was 650 m-osM./L. in the infant 
and 1400 m-osM./L. in the adult®*, 
That the concentrating power of the 
infant’s kidney is diminished, is also 
discussed by Heller®*. However, some 
infants can apparently concentrate 
further as shown by Thomson?*! who 
found a specific gravity of 1.030 in a 
newborn infant with dehydration fever. 
Barta and Hernandi!* also concluded 
that the “tubular reabsorption of water 
is already perfect in the earliest period 
of life.” This ability to concentrate 
urine is not well maintained when the 
dehydration is due to illness instead 
of the result of simple lack of fluids®®-*°. 
Calcagno”® has shown that premature 
infants have a lesser capacity for water 
conservation than do normal adults. 

Measurement of hematocrit, BUN 
and serum sodium or chloride concen- 
trations are valuable adjuncts to the 
concentration test but are not essen- 
tial. 

The reverse procedure, that is, dilu- 
tion tests or water loading, can be 
carried out quite easily as a clinical 
study and provide worthwhile data 
if performed in a standard way. Com- 
monly this is done after a moderate 
period of fluid restriction (6 to 12 hrs.). 
\n oral water load equivalent to 3 to 


. striction, an infusion of 5% glucose 


PROGRESS OF MEDICAL SCIENCE 683 


5% of the body weight (30 to 50 cc./ 
kg.) given in a 30-minute period is 
usually well tolerated. It may be given 
by stomach tube in infants. Urine col- 
lections are best made at 15-minute 
intervals beginning prior to the admin- 
istration of the water. A peak of the 
diuresis should occur at from 50 to 120 
minutes following completion of the 
water ingestion. The intensity of the 
diuresis is variable depending upon 
the prior state of hydration of the in- 
fant. When the urine flow is corrected 
for surface area, the peak flow is 10 
to 20 cc./min./1.73m? in older children 
and adults'**, and in the newborn is 
about half of this value!8°, When 
water loading was done on normal in- 
fants in the first day of life, no diuretic 
response was obtained by Ames*. By 
7 days of age, she noted that 50% of the 
administered water was excreted in 3 
hours; and after 2 weeks of age, 100% 
of the water was excreted. There was 
no difference between premature and 
full-term infants. Barnett and asso- 
ciates!! noted that by 36 days of age, 
premature infants were showing the 
same diuretic response as adults when 
compared on a surface area basis, but 
the peak of urine flow occurred 20 to 
30 minutes earlier than in the adult. 
McCance*® has shown that correction 
of the flow to a total body water basis 
makes the newborn’s diuretic response 
quite similar to the adult’s except that 
again the peak of the diuresis tends 
to occur earlier in the infant. 
Changes in the concentration of se- 
rum constituents would be quite en- 
lightening during water loading. How- 
ever obtaining the necessary blood 
samples is not feasible, as an antidiure- 
sis is produced too often®*1%. 
Intravenous infusion of 5% glucose 
provides a good baseline upon which 
to evaluate various antidiuretic stimuli. 
After a moderate period of fluid re- 
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equivalent to 20 cc./kg. is given at a 
constant rate for one hour. The rate 
is then changed to 15 cc./kg./hr. for 
45 minutes. The urine collections are 
again made at 15-minute intervals and 
carried on for 60 minutes following 
the conclusion of the infusion. The 
peak of the diuresis is from 60 to 90 
minutes after the start of the infusion 
and is lower than on the larger oral 
dose. 

Individuals with chronic renal in- 
sufficiency show very little response to 
these water loads. As a rule, there is 
no sharp peak and the response is pro- 
longed!**, Similar responses are report- 
ed in individuals with primary defects 
in the mechanism for facultative water 
reabsorption, for example, diabetes in- 
sipidus, pseudo-diabetes insipidus*®"**. 
However, if the individual is quite de- 
hydrated when the test is performed, 
the response may be deceptively like 
that of the normal. 

Hypothalamic receptors exist that 
are sensitive to changes in plasma os- 
molarity; these receptors reflexly con- 
trol the rate of antidiuretic hormone 
(ADH) production by the posterior 
pituitary’*". In turn, ADH controls the 
tubular reabsorption of water”. It is 
possible to examine this sequence at 
each level. 

If an antidiuresis follows the infu- 
sion of hypertonic saline, the entire 
system is intact*!®°, A high rate of 
urine flow is established by the infu- 
sion of 5% glucose as described above. 
After 60 minutes, a 2.5% solution of so- 
dium chloride is substituted for the 
glucose, and the infusion rate is chang- 
ed to 15 cc./kg./hr. or 0.25 cc./kg./ 
min. for 45 minutes. The response 
curve can be compared with that re- 
sulting from the glucose alone. 


*Per cent inhibition — 


Dehydrated individuals*® and _ pa- 
tients who are unable to concentrate 
their urine®’ often show a diuretic re- 
sponse to hypertonic saline rather than 
an antidiuretic one. Failure to exhibit 
antidiuresis in response to hypertonic 
saline is usually followed by measuring 
the response to aqueous pitressin. 
Talbot!!® recommends the intravenous 
or subcutaneous administration of two 
units/m?. As indicated by Talbot'”® and 
White"™*, the first time that pitressin is 
given in true diabetes insipidus, the 
response is not great but improves with 
subsequent administration. For the 
pitressin test the glucose solution is 
started as noted above, the pitressin 
being given 60 minutes after the fluids 
have been started. The response is 
again compared with that of the glu- 
cose given alone. This may be more 
precisely quantitated by calculating the 
“per cent inhibition” as described by 
White et al.1*5 or the “free water clear- 
ance” as discussed by Wesson and 
Anslow?*!,* 

As with water diuresis, antidiuresis is 
progressively improved with increasing 
maturity of the infant. In infants under 
3 days of age, Ames® found no anti- 
diuretic effect although antidiuretic 
activity was found in the urine of these 
children. By 5 days of age the response 
was like that of the adult but was of 
shorter duration. Heller®® also found 
the renal tubules of the infant less re- 
sponsive than the adult’s to antidiuretic 
hormone. Patients with chronic renal 
insufficiency*** and with pseudo-dia- 
betes-like states also show diminished 
or absent antidiuretic response to 

An intermediate step in the investi- 
gation of these problems is the use of 
nicotine to produce an antidiuresis. It 


Expected diuresis —- Observed diuresis 


100 


Expected diuresis 


Free Water Clearance CH = 


Posm 


Uosm = Urine osmolarity 
Posm = Plasma osmolarity 
V = Urine flow (cc./min.) 
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is postulated that if the osmoreceptor, 
and not the posterior pituitary, is dis- 
eased, there will be a response to nic- 
otine and pitressin and not to hyper- 
tonic saline*!. The dose of nicotine that 
has been used in some experimental 
studies is 1 to 4 mg."*. Cates and Gar- 
rod** obtained a response to large doses 
of nicotine which was of the same order 
of magnitude as the response to hyper- 
tonic saline in the patients with dia- 
betes insipidus. 

2. Acidification of Urine. Children on 
the usual American diet excrete an 
acid urine’, During dehydration, 
fasting, diarrhea, and the like, the urine 
is normally quite acid in an attempt 
to conserve fixed cations. 

The most commonly accepted mech- 
anisms by which this is accomplished 
in man have been reviewed recently 
by Gilman®?. First, hydrogen ions are 
exchange d fer sodium or other fixed 

cations. The extent to which this can 
be done is limited by the hydrogen 
ion (H ) concentration in the urine 
(pH). However, the more H+ in the 
urine, both ionized as well as union- 
the greater is the titratable acid- 

. This is determined by titrating the 
urine to pH 7.4 with a standard alkali®*. 
Albright* recommends the addition of 
a known amount of hydrochloric acid 
prior to alkali titration. Much of the 
exchange of H+ and Nat in the urine 
occurs with buffer salts like NasHPO, 
which is converted to NaH2PO, by the 
exchange mechanism. 

The second mechanism for removal 
of acid is the production of ammonia. 
In an acid urine the ammonia (NHs3) 
which diffuses freely, combines with 
ionized hydrogen (H+) to form 
NH, +. The net effect is to raise pH, 
that i. decrease H+ concentration 
without changing the titratable acid, or 
total hydrogen ion present. In general 
the two mechanisms go together, but 
it is reported in some cases of Fan- 
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coni'’s syndrome that there is increased 
ammonia formation in relation to the 
titratable acid®**. The reverse situation 
has not been reported yet. 

The measurement of the pH of the 
urine is of aid in evaluating the kid- 
ney’s acid-base regulating ability. The 
pH of the urine should be measured 
on a freshly voided specimen and done 
either with a pH-paper which will dis- 
tinguish differences of half a pH unit, 
(for example, nitrazine) or with a pH- 
meter. A urine of pH 5.5 or lower 
usually indicates good renal function 
in terms of ability to produce an acid 
urine. This pH is not usually attained 
unless the child is acidotic as a result 
of diarrhea, dehydration, and the like. 
The reverse situation of an alkaline 
urine in alkalosis does not necessarily 
occur!?®, Children with hyperchloremic 
acidosis (renal tubular acidosis ) do not 
make an acid urine even when the 
blood pH is 

When there is question concerning 
this function, several provocative tests 
have been suggested. The administra- 
tion of ammonium chloride has been 
used to produce mild metabolic aci- 
dosis in a normal individual. However, 
in severe renal diseases an irreversible 
acidosis has resulted?*, Because of this 
danger, safer methods should be 
sought. One such procedure is the ad- 
ministration of an isotonic buffered 
solution of NasHPO,:NaHePO, in a 
ratio of 4:17. (A study that can be 
done concomitantly is the measure- 
ment of phosphate clearance and Tm. ) 
Latner and Burnard’™ administered 5 
to 8 gm. of ammonium chloride in the 
18 hours prior to the phosphate infu- 
sion to provide a need for base con- 
servation. Caution in the administra- 
tion of ammonium chloride is again 
advised. In patients with a renal type 
of acidosis requiring alkali supplemen- 
tation to maintain a normal serum pH, 
adequate acidosis can be produced by 
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discontinuing medication for 24 hours. 
In normal children, Latner and Bur- 
nard’ obtained values for titratable 
acidity of about 50 »Eq./min./1.73m? 
before the phosphate infusion and 500 
pEq./min./1.73m? following it. 

In their series of patients with hy- 
perchloremic acidosis, the titratable 
acidity was considerably less than 50 
pEq./min./1.73m? before the phos- 
phate infusion, and the urinary bicar- 
bonate was elevated; after phosphate, 
the titratable acidity rose and the bi- 
carbonate excretion was decreased. It 
is not known whether all patients with 
hyperchloremic acidosis respond sim- 
ilarly. 

The ability of very young, normal 
infants to respond to such an infusion 
compared with older children and 
adults has not been ascertained. Gor- 
don et al.°* gave ammonium chloride 
(4.8 gm./m? y to premature and full- 
term infants and observed a greater 
increase in titratable acidity and am- 
monia production in the full-term 
babies. Experiments by Cort and Mc- 
Cance* indicate that puppies respond 
less adequately to an acid load than 
do older dogs, but the puppy’s response 
improves rapidly with age. McCance 
and Finck’? have shown that even on 
the first day of life, a random urine 
specimen from a newborn child has 
about the same amount of titratable 
acid as an adult’s. The titratable acid- 
ity in the urine of an average adult 
is about 25 »Eq./min.!** and was found 
by Pitts®** to increase to about 35 
pEq./min. after 20 gm. of ammonium 
chloride and to increase tenfold after 
an infusion of buffered phosphate. 

3. Regulation of Certain Specific 
Solutes. a) suGAR. Examination of the 
urine for reducing substance by the 
use of Benedict’s solution is not only 
of value as a diagnostic procedure in 


“Somogyi Urine Sugar Comparator. A. S. Aloe Company, St. Louis, Missouri. 


diabetes mellitus, lead poisoning, 
brain tumors, galactosemia, and others, 
but glucosuria has also been noted to 
occur as a single renal defect in renal 
glycosuria and as a feature of the more 
complex Fanconi-type syndromes. A 
scheme for differentiating the various 
reducing substances in urine is given 
in Table 2 which is modified from 
Ham*. Quantitation of urinary sugar 
is readily accomplished by the use of 
the Somogyi reaction''*, and a com- 
parator is commercially available.* 
More elaborate study of urinary sugars 
can be carried out by paper’®:5®®* and 
column*!:183 chromatography. 

b) AMINO acips. Amino acid excre- 
tion is of considerable interest at pres- 
ent. The determination of urinary 
amino acids is usually a research pro- 
cedure although both chromato- 
and alpha-amino N 
analyses*:14:40.92 are being used more 
widely. Abnormal excretion has been 
noted in galactosemia, Wilson's dis- 
ease, uranium poisoning and the Fan- 
coni syndrome (see Table 1). Normal 
values for children depend on the 
method being 

c) catcium. An additional study 
which can be done routinely and will 
give some information from a single 
urine specimen is the Sulkowitch test 
for calcium!!*°, In doing this proce- 
dure, as in all screening tests, the limi- 
tations of the method must be kept 
clearly in mind. Two important con- 
siderations-in the Sulkowitch test are 
the calcium intake of the individual, 
especially in children, and the concen- 
tration of the urine. An abnormal 
amount of calcium is present in the 
urine in idiopathic hypercalcuria® and 
overdosage of vitamin D; no calcium 
is found in the urine in tetany due to 
hypocalcemia. 

Use of testing procedures for ace- 
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tone bodies does not constitute a test 
of renal function but is mentioned be- 
cause it is a part of a routine urinalysis. 
The use of 10% ferric chloride not only 
reveals the presence of acetoacetic 
acid but also is positive in the presence 
of salicylates. It remains positive after 
boiling when the color is due to salicy- 
lates bet is negative after boiling if 
the color is due to diacetic acid. A 
very dark green color results when 
phe nylalanine is present. The proced- 
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of 3% sulfosalicylic acid and comparing 
with standard solutions®®. The method 
of Shevky and Stafford’ is the most 
quantitative procedure for general clin- 
ical use. 
The microscopic examination of the 
urine sediment should always be done 
on a fresh specimen which is centri- 
fuged and the sediment resuspended in 
a few drops of urine. Careful scrutiny 
of the sediment discloses a great deal 
of a qualitative nature about the pa- 


TABLE 2.—IDENTIFICATION OF URINARY SUGARS 


Sugar 


Test 


Reduction of Benedict's Solution 


At 100° C. At 55° C. After Yeast Seliwanoff Orcinol 

for 5 min. for 10 min. Fermentation Reaction Reaction 
Pentoses + 0 + 
Fructose 4- +. 0 + 0 
Glucose (>4% + + 0 0 0 
Glucose (< 4% 4 0 0 0 0 
Maltose . 4 0 0 0 0 
Lactose . Sa 0 + 0 0 
Galactose + 0 4+ 0 0 
Non- carbohydrates ere | 0 + 0 0 

(Modified from Ham, T. H. *) 


TABLE 3 


Amount of ppe. 
None . 
Slightly Turbid 
Turbid (can read print through it). ; 
Cloud—no ppc. (can see heavy line through it) . 
Cloud—fine ppc. (cannot see heavy line through it) 
Flocculent ppc. to solidification 
(Modified from Ham, T. H. ©) 


ure is therefore diagnostic in the rec- 
ognition of phenylpyruvic oligiphre- 

B. GLOMERULAR FUNCTION. I. In- 
creased Permeability. The routine de- 
termination of urinary protein is best 
carried out by heating and acidifying 
the urine after the urinary sediment has 
been centrifuged. Table 3 shows the 
relation between the amount, of pre- 
cipitate and the actual protein content 
by this method®®. A slightly more 
cuantitative test is done with the use 


-QUALITATIVE ESTIMATION OF URINARY PROTEIN 


Scale Approx. Prot. Conc. (mg. per 100 cc.) 
0 0 
Trace 1 to 10 
1+ 15 to 30 
2+ 40 to 100 
3+ 150 to 350 
$e 600 to 2000 


tient’s urinary tract; experience is most 
valuable in this regard. There is a 
poor correlation between the number 
of cells and casts seen on the routine 
examination of urinary sediment and 
on the more quantitative Addis count; 
this is especially true for red cells”. 
If only an occasional white cell/HPF 
is seen, this is usually normal. The 
absence of erythrocytes and casts on 
a routine urine does not preclude an 
abnormal number on an Addis count; 
similarly, the presence of occasional to 
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1 to 2 RBC/HPF does not always sig- 
nify an abnormality. The presence of 
more than 1 to 2 cells/HPF is almost 
always abnormal and in most acute 
situations, the number of cells seen on 
the routine examination is adequate to 
establish a diagnosis. 

A more quantitative approach to the 
determination of pyuria on the basis 
of examination of a single specimen 
has been made by Stansfeld and 
Webb". They suggest counting the 
cells of an uncentrifuged urine in a 
regular counting chamber; they found 
98% of the male children had less than 
10 cells/mm*. This was also true of 
catheterized specimens in girls, but 


Casts 
Range . . 0 to 29,000 
Average 1,200 
Suggested upper limits of normal 10,000 


with noncatheterized urines, only 84% 
had less than 10 cells/mm*. When the 
qualitative examination of the urinary 
sediment is not obviously abnormal, a 
more quantitative estimate is accom- 
plished with an Addis count done on 
an overnight, 12-hour collection. The 
specific gravity of the urine should be 
over 1.020 for the best results; if it is 
below 1.010, the red cells hemolyze 
and the hyaline casts dissolve too 
rapidly. The Addis counc figures for 
normal children are given in Table 4. 
2. CLEARANCE TECHNIQUES. The clear- 
ance of a substance equals the amount 
of plasma or ultrafiltrate which would 
provide the quantity of the substance 
appearing in the urine, per unit time. 
The first requirement in calculating a 
clearance is to know the amount of the 
substance which is filtered through the 
kidney. For a substance which is only 
filtered, the amount excreted is a 
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measure of the amount of glomerular 
filtrate being produced. 


Example: 

Plasma concentration (P) = 15 
mg./100 cc. = .15 mg./cc. 

Urine volume (V) = 20 cc. in 10 
minutes = 2 cc./min. 

Urine concentration (U) = 300 
mg./100 cc. = 3.0 mg./ce. 


Thus in one minute the excretion 
would be 6 mg. (there are 2 cc. being 
excreted per minute and each cc. con- 
tains mg. V x U = 6). Then it would 


eke. or 40 cc. of plasma to provide 


15 


the 6 mg. in one minute. Therefore, 
the clearance (C) = 40 cc./min. 


TABLE 4.—ADDIS COUNT IN NORMAL CHILDREN 


(12-hour specimen, 312 children5!.76,97,112 ) 


R.B.C. BL. Protein (mg.) 
0 to 800,000 9,000 to 2,800,000 3 to 90 
50,000 320,000 24 
600,000 2,000,000 55 


The general formula is expressed 
UV 

P 

For any substance, the amount fil- 
tered can be calculated by multiplying 
the glomerular filtration rate, (for ex- 
ample, the clearance of inulin ) by the 
concentration in the plasma of the ma- 
terial being studied. The difference be- 
tween the amount in the urine and the 
amount which been filtered 
through the glomerulus is the fraction 
which has back-diffused, been reab- 
sorbed or been secreted by the tubules. 
These functions can be measured for 
a variety of substances as shown in 
Table 5. The major problem with those 
substances that are acted on in the 
tubules is that glomerular filtration 
rate must be measured simultaneously 
in order to evaluate tubular function. 
The length of the individual collection 
periods that should be used to meas- 
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ure clearances depends on several fac- 
tors: a) the time necessary to measure 
urine flow accurately; b) the possibility 
of variation in the clearance with 
changing urine flow (for example, 
urea); ¢) constancy of the blood level; 
and d) the physiological significance 
of the time interval used. It should 
be borne in mind that any clearance 
may vary from day to day and hour 
to hour. A single clearance period, 
therefore, is unreliable, and at least 
two or three periods are necessary to 
approximate the actual clearance of a 
material. 


TABLE 5.—MECHANISMS OF 


A B 
Glomerular Filtration and 
Filtration only Back Diffusion 


Inulin 


Mannitol Urea 


Other 
Endogenous Creatinine (A) or (B) 
Potassium (C) and (D) 
Thiosulfate (C) and (D) 


Urea clearance has long been used 
as a measure of renal function’. 
Rubin’! has shown that it may reflect 
glomerular filtration rate in children 
by assuming a constant fraction (40%) 
of filtered urea is reabsorbed. It is 
generally accepted that a larger pro- 
portion ‘of the urea is reabsorbed at 
low urine flows, that is, below the aug- 
mentation limit, and that there is also 
considerable individual variaton at 
urine flows above the augmentation 
limit of 2 cc./min./1.73m? ®!, Further- 
more, Barnett et al.® and McCance and 
Young*! found that urea clearance in 
infants continued to increase. at urine 
flows above 2 cc./min./1.73m?, but 
Gordon et al.5* could not demonstrate 
this. Recently, Bruck?> has made a 
study of simultaneous urea and man- 
nitol clearances in sick and in healthy 
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children and concludes that glomeru- 
lar filtration rate will not be less than 
the urea clearance nor more than four 
or five times greater than urea clear- 
ance. The tendency to diminishd re- 
absorption of urea was more marked 
in patients with diseased kidneys than 
in normals and was not seen when the 
mannitol U/P ratio was greater than 
100. Only one normal infant had ex- 
cessively high urea reabsorption, but 
this did occur occasionally in patients 
with nephrosis. The exact relation of 
urea clearance to filtration rate is thus 
in question and, as Bruck points out, 


EXCRETION 
C D 


Filtration and Filtration and 
Active Reabsorption Active Secretion 


Glucose PAH 

| Phosphate Diodrast 
Amino Acids Phenol Red 
Na, Cl. 


further work using simultaneous inulin 
and urea clearances is indicated. Be- 
cause of the ease with which urea 
clearances can be done and their wide- 
spread clinical usage, they remain a 
useful test of over-all renal function. 
Serial determinations are valuable in 
following the course of a patient with 
chronic renal disease. 

A second procedure utilizing a 
naturally occurring substance is the en- 
dogenous creatinine clearance. The 
principal problem with this technique 
is in methodology. The analysis of total 
creatinine chromogens includes true 
creatinine plus the noncreatinine 
chromogens in a ratio of 3 to 4:1 in 
normal individuals??:57; the clearance of 
the noncreatinine material is less than 
for true creatinine’**. Depending on 
the method used, creatinine clearance 


690 


little change with 


TABLE 6 
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may be equal to glomerular filtration 
rate’!*57 or less than it is in chil- 
dren**:+4, In children with diseased 
kidneys, the relation of creatinine to 
inulin clearances is also inconstant. The 
chief advantages of the endogenous 
creatinine method are that there is very 


urine flow and serum 


creatinine is not affected by protein in- 
take. This allows prolonged clearance 


on phosphate clearance are included 
in Table 6 

The clearance of other endogenous 
substances may be calculated in the 
same way, but the clinical significance 
of most of these measurements in chil- 
dren is still unknown. 

Clearances of exogenous materials 
are calculated similarly. The major dif- 
ference is that the exogenous sub- 


AVERAGE VALUES FOR CLEARANCES IN CHILDREN 


Age Premature Newborn 3 mos. 6 mos. 12mos. 18 mos. 24 mos. Adult* 
Clearance (ee./min./1.73m?) 
Urea 25 30 45 50 60 70 70 70 
Endog. Crea- 

tinine 15 100 100 
Mannitol 45 50 70 105 120 125 125 125 
Inulin 5 40 70° 125 
Diodrast 70 650 
PAH 150 200 300 500 550 600 650 650 
Phosphate 7 13 15 17 
Tm (mg./min./1.73m2) 


PAH 13 25 40 65 70 75 75 75 
‘ Glucose 60 170 350 
REFERENCES 
Urea 12, 10, 12, 37, 10,12, 81,101, 101 101 101 * Approximate 
136 81,101, 81,101, 137 figures; 
122,136 137 both sexes 
Endog. combined 
Creat. 44 44 44 
Mannitol 10 101,132 10,101, 101,132 101,132 101,132 101, 132 
132 
Tnulin 10 37,81, 10, 124, 
129 129 
Diodrast 37 
PAH 10 101, 129, 10,101, 101,182 101,132 101,132 101, 132 
132 129, 132 
Phosphate 38, 83, 38 98 
98 
Tm PAH 10 101,132 10,101, 101,132 101,132 101,132 101, 132 
124, 132 
Tm Glucose 123 124 


periods, but diurnal variations do oc- 
cur and should be considered in 24- 
hour clearance periods!. Variations 
also result from changes in the emo- 
tional state of the individual’. 

The clearance and maximal tubular 
reabsorption of phosphate and P*? have 
been The rel- 
ative inability of the infant kidney to 
excrete phosphate is a factor in the 
genesis of newborn tet any. The data 


stances must be injected and the fluids 
thus administered may alter the func- 
tion being studied. In the usual pro- 
cedure the infusion is at a constant 
rate to assure a steady blood level 
during the collection periods. Several 
investigators have done these studies 


using a subcutaneous injection with or 


without hyaluronidase to measure 
glomerular filtration rate (GFR) and 
effective renal plasma flow (ERPF) 
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and have obtained quite satisfactory 
results*+:!°8. This would seem to be a 
useful methell for many clinical inves- 
tigations. 

Barnett* has suggested the use of a 
single intravenous injection to measure 
the glomerular filtration rate in infants 
by measuring the slope of the falling 
blood level and thus avoiding the nec- 
cessity of collecting urines. The stan- 
dardization of this procedure has not 
been published and it is not in wide 
use at this time. A common clinical 
modification of this technique is the 
single injection of phenol red (PSP). 
The dye is excreted by renal tubules; 
at low concentrations in normal indi- 
viduals .it is almost completely re- 
moved from the blood as it flows 
through the kidney. Thus the clear- 
ance of PSP, as well as of PAH and 
Diodrast at low concentrations is a 
measure of the effective renal plasma 
flow (ERPF). At high concentrations 
these substances can be used to 
measure the maximal capacity of the 
tubules to excrete them (Tm)!%. With 
phenol red, however, the modification 
that is in common clinical use is that 
a single injection of the material is 
given intravenously and the per cent 
excreted in various time intervals is 
measured. In this rough form the test 
is not too valuable a measure of tubu- 
lar function or of renal plasma flow, 
but the excretion in the first 15 min- 
utes, normally at least 25% of the dye, 
does give useful information about 
kidney function in general; and as with 
urea clearance, serial studies aid in 
the evaluation of chronic kidney dis- 
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ease. No standards are available for 
infants. 

For specific measurements, the pres- 
ently accepted clearance materials are 
inulin for glomerular filtration rate, low 
concentrations of para-aminohippurate 
for effective renal plasma flow, high 
concentrations of PAH for maximal 
tubular excretion, and glucose for max- 
imal tubular reabsorption. The tech- 
niques for these determinations are 
well described and are clinically prac- 
tica]®®:119.111_ Tt is well to remember that 
sulfonamides interfere with PAH anal- 
yses. 

In children under 2 years of age the 
normal values for glomerular and tu- 
bular functions are considerably re- 
duced when calculated on the basis of 
surface area. These values are lowest in 
the premature infant and increase with 
age; they tend to be in the normal adult 
range by the time a child reaches 2 
to 3 years of age. Tubular functions 
appear to be more depressed than 
glomerular and approach the adult 
levels more slowly® 1°. The average 
values at several ages are given in 
Table 6. There is an extremly wide 
range of normal values at every age, 
and at present this normal range is not 
well defined. The spread of values is 
greatest in the newborn and may re- 
flect differences in age, weight, or 
urine flow. 

Summary. The diagnosis of specific 
and generalized disturbances of renal 
function in children has been consid- 
ered, utilizing clinical, roentgenologic 
and laboratory examinatons. 


The author gratefully: acknowledges the helpful suggestions and criti- 
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Ir Has been known for many years 
that the clinical picture of prepartal 
abruption of the placenta, as well as 
of eclampsia, may at times include 
manifestations of a general hematologic 
disorder suggestive of purpura or 
hemophilia. But only since the devel- 
opment and use of modern hematologic 
methods, in particular during the past 
decade, has an appreciation been gained 
of the variety of clotting-defects under- 
lying such hemorrhagic phenomena, 
and an awareness that similar defects 
may be encountered in other obstetric 
disorders. A further outcome of modern 
studies has been a recognition of the 
possibility that hematologic derange- 
ments may be present but unsuspected 
until major bleeding difficulties arise, 
or unless appropriate blood-studies are 
routinely employed. 

COAGULATION-MECHANISM IN NORMAL 
PREGNANCY. To the best of the review- 
ers knowledge, no women have thus 
far been studied at intervals through- 
out their pregnancies and labors with 
the use of hematologic techniques de- 


signed to test all the various factors 
currently known to be essential to the 
normal mechanism of coagulation. On 
the other hand, considerable attention 
has been given to the behavior of in- 
dividual clotting-factors or groups of 
such factors**, and an approach to the 
larger project has recently been made 
by obtaining fairly complete “coagulo- 
grams” in a small group of healthy 
women at short intervals during late 
pregnancy and the course of labor*®. 
The composite results of recent studies 
have been assembled, and are sum- 
marized in the following paragraphs.1:*7. 

1. Coagulation-time. When the clot- 
ting-time of maternal blood is ex- 
amined by the Lee-White method**, it 
has been found to lie within the range 
of normal values during pregnancy, but 
tends to be shortened to the lower 
limits of that range during labor and 
the early postpartal 

2. Platelet-factors. Platelet counts*’ 
obtained during pregnancy are con- 
sidered to be within normal limits by 
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most investigators!**°.74, There appears 
to be a tendency for such counts to 
fall slightly in some women at the end 
of pregnancy and in the early stages 
of labor*®.*4, But there is a general and 
significant rise that begins toward the 
end of labor and continues through 
the ensuing postpartal period®*°.*7, 
This rise approximates or exceeds maxi- 
mal normal values, and includes in- 
creases in the relative number of ad- 
hesive platelets®**.*, It is accompanied 
by increases in the speed and degree 
of in vitro clot-retraction??*°, and in 
the consumption of prothrombin®®4°, 
The magnitude of all these postpartal 
increases, however, is of such a limited 
order as to leave in doubt the question 
of whether the observed fluctuations 
reflect a specific mobilization of circu- 
lating platelets, or merely the effects 
of the hemoconcentration of maternal 
blood which normally occurs during 
this period. 

3. Plasma-factors. The levels of 
plasma fibrinogen in maternal blood 
rise progressively throughout the course 
of pregnancy’®, exceeding the upper 
limits of normal from the sixth month 
onward!?:18:19| This rise is further en- 
hanced during the early days of the 
puerperium®®. In a number of women 
the continuity of the rise may be in- 
terrupted during labor, at which time 
significant temporary drops can be 
found®®, In this connection, it is of 
interest that a fibrinolytic mechanism 
has been shown to be slightly, but sig- 
nificantly activated in maternal blood 
during the same period®. 

The rise in the plasma-fibrinogen 
which occurs during pregnancy is ac- 
companied by a similar, but less marked 
elevation in prothrombin?!38.66, maxi- 
mal values being attained at term. But 
whereas the concentration of plasma- 
fibrinogen continues to rise in the puer- 
perium, prothrombin values gradually 


fall after the fifth day®*. There is also 
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evidence on record to indicate that 
these rises in prothrombin are tempor- 
arily interrupted by a slight fall which 
takes place just prior to and during 
labor®®.38, 

Few date are available concerning 
the accelerator-globulin of maternal 
blood. Results obtained with the use of 
Stefanini’s method in one small group 
of women revealed no significant devia- 
tions from normal values during preg- 
nancy*®, 

COAGULATION-DEFECTS AND OBSTETRIC 
DISORDERS. For purposes of exposition, 
it would appear desirable to consider 
clotting-defects associated with obstet- 
ric disorders in the order of the fre- 
quency with which such associations 
have been encountered and _ investi- 
gated. This plan has been adopted in 
the following sections. 

ABRUPTION OF THE PLACENTA IN LATE 
PREGNANCY. More than 50 years ago 
DeLee™ noted that the clotting-time 
of the blood was prolonged in certain 
pregnant women in whom the placenta 
had become prematurely detached. In 
1912, Couvelaire'' reported a case of 
serious retroplacental hemorrhage in 
which the uterine musculature and 
broad ligaments were extensively in- 
filtrated with blood, and in the same 
year Bar coined the term “utero- 
placental apoplexy” to describe this 
condition. Willson‘, in reviewing 69 
cases of “Couvelaire uterus” recorded in 
the literature pricr to 1922, expressed 
the belief that a placental hemorrhagin 
was responsible for both the sub- 
placental hemorrhage and the general 
hemorrhagic diathesis. Kellogg*® later 
confirmed DeLee’s observations con- 
cerning prolongation of the clotting- 
time of maternal blood in placental 
abruption, and Dieckmann’ further 
noted subnormal levels of maternal 
plasma-fibrinogen. 

Inasmuch as placental abruption oc- 
curs about once in every 200 pregnan- 
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cies, it is not an uncommon obstetric 
disorder. In a variable percentage of 
cases, the disorder is complicated by 
coincidental symptoms of eclampto- 
genic toxemia; there may be an associ- 
ated anuria of toxemia or of profound 
shock. The condition is responsible for 
a substantial number of the fetal and 
maternal deaths encountered in mod- 
ern practice®. It has, therefore, been 
investigated intensively in recent years, 
and hematologic data have now been 
accumulated among upwards of 100 
patients. 

The available data may be summar- 
ized as follows: Deficiencies have been 
noted at various times in respect to 
one or another of all the indices com- 
prising a “coagulogram.” The most con- 
stant and notable deficiency, however, 
has been fibrinogenopenia (hypofibrin- 
ogenemia ) 13,23,25,27,34,55,68,69,72 | This has 
been closely associated with moderate 
reductions of 
and accelerator-globulin?*. Thrombocy- 
topenia has been observed in only one 
small group of cases*®. Clot-resolution 
has been frequently noted®®®.72; but 
evidence that this or other clotting- 
defects may be due to the presence of 
a fibrinolysin has not been demon- 
strated with the use of reliable methods 
except in a few instances®.”, 

The significance of these data in re- 
lation to the problem of abruption has 
been illuminated considerably by the 
recent findings of Jackson et al.” in a 
careful study of 13 cases. In none of 
Jackson’s patients was the placental 
accident complicated by the coinci- 
dental presence of significant manifes- 
tations of eclamptogenic toxemia. In 
most of the patients, opportunity was 
afforded (and seized) to conduct 
hematologic studies at an early point 
following the onset of the abruption. 
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Thus, the initial data in all but 3 pa- 
tients were obtained prior to the ap- 
pearance of significant signs of shock, or 
to the use of transfusions. Under these 
circumstances, evidence of clotting- 
defects was found in 7 of the 13 pa- 
tients. Early overt purpuric symptoms 
were also present in 3 of these 7 wom- 
en. With one exception, the same 7 
women eventually developed the most 
serious uterine hemorrhages encoun- 
tered in the group as a whole. It must 
be noted that 5 of these 7 patients were 
Negro women; in such women, obstet- 
ric accidents of all types are likely to 
be both frequent and severe. With this 
reservation, the experience of Jackson 
and his colleagues would suggest that 
the appearance of a clotting-defect in 
otherwise uncomplicated placental 
abruption: (a) may be demonstrated 
in about 50% of cases shortly after the 
onset of the abruption, and that it 
(b) may presage the development of 
major hemorrhagic difficulties. 

Once the clotting-defect in abruption 
has appeared, a tendency for it to per- 
sist, and to: provoke increasing clinical 
difficulties, remains for as long as the 
fetus and placenta are retained in 
utero®®.58.59, In the presence of such a 
defect, therefore, a fundamental objec- 
tive of the management of abruption 
is to bring about the delivery of the 
patient without undue delay”*.53.%, by 
whatever obstetric measures appear to 
be appropriate under the circumstances. 
Simultaneously, the symptomatic man- 
agement of any attending hemorrhagic 
shock, and of the coagulation-defect 
itself, demands the liberal use of trans- 
fusions of whole blood, and when avail- 
able, of solutions of fibrinogen.* Reid 
and his colleagues®:’? have furnished 
impressive evidence of the value of 
adequate amounts of infused fibrino- 


*Uncontrollable postpartal uterine hemorrhage of the atonic type may occur in some cases. 
Such an emergency may be an indication of the presence of extensive myometrial damage of 


the kind described by Couvelaire, and may require that an immediate hysterectomy be done. 


ogen for raising the concentration of 
this substance in the blood, and for 
arresting bleeding tendencies both prior 
to and following delivery. The admin- 
istration of fibrinogen, therefore, would 
appear to be strongly indicated for 
combatting the clotting-defect in ab- 
ruption, and particularly as a prelimin- 
ary to any contemplated obstetric sur- 
gery. 

Following delivery and adequate 
postpartal treatment of the sympto- 
matic kind noted above, improvement 

both the clinical condition of the 
patient and in the status of her coagu- 
lation-defect may be rapid. Surviving 
patients exhibit no persisting disorders 
of clotting function. 

ECLAMPSIA. Although convulsive 
toxemia of pregnancy is seldom en- 
countered in modern obstetric practice, 
its clinical and pathologic features are 
well known, and need not be com- 
mented upon here except as follows: In 
the most severe cases acute renal fail- 
ure is generally present or impending. 
There is also apt to be evidence of ac- 
tive intravascular In 
a variable percentage of cases, there 
will be bleeding from the gums, or 
hemorrhages into the brain and other 
vital Dieckmann has esti- 
mated that one woman among every six 
who die in eclampsia succumbs directly 
to the effects of cerebral hemorrhage". 

Stahnke®, in 1922, was probably the 
first to inv estigate the clotting > functions 
of the blood in “eclamptic” women. His 
studies were confined to examinations 
of platelet-counts. He found such 
counts to be markedly lowered among 
those women in whom the eclamptic 
symptoms were severe. His observa- 
tions, however, attracted little atten- 
tion, for only in the past decade have 
additional studies of a similar nature 
been undertaken. The total number of 
cases of eclampsia and pre-clampsia 
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investigated in this manner now ex- 
ceeds 

The hematologic data currently 
available may be summarized as fol- 
lows: The significant findings include 
positive tourniquet tests; prolonged 
clotting-times and bleeding-times; 
thrombocytopenia; delays in oil-clot 
retraction, and in prothrombin- con- 
sumption; and hemoglobinuria and he- 
60 The bone-mar- 
row is usually found to be normal or 
hyperplastic*:*. In cases uncomplicated 
by coincidental placental abruption or 
fetal death, plasma-fibrinogen, accel- 
erator-globulin and prothrombin are 
little, if at all, affected* In short, 
the principal findings are likely to be: 
(a) those involving the number and 
functional status of the circulating 
blood-platelets, and (b) those indica- 
tive of active intravascular hemolysis. 

The probable correlations between 
these hematologic abnormalities and 
the clinical phenomena of toxemia 
would appear to be as follows: With 
few exceptions, disorders of clotting 
function are to be found only in 
eclampsia itself; or in the severer forms 
of pre-eclampsia***7, Encompassed in 
this association is a fairly constant 
combination comprising, on the one 
hand, the triad of prolonged clotting- 
time, thrombocytopenia and hemoglo- 
binemia, and on the other, the syn- 
drome of acute renal failure*+*?. 
Overt clinical purpura or hemorragic 
phenomena are seen in only a minority 
of the patients exhibiting hematologic 
derangements*:*. The latter, moreover, 
may be quite transient in nature, dis- 
appearing rapidly if the eclamptic 
symptoms, in particular the oliguria or 
anuria, are promptly relieved; as can 
be the case if a complete renal “shut- 
down” has not been present too long 
before appropriate therapy is em- 
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RETENTION OF DEAD FETUS IN UTERO. 
When a pregnant woman in whom the 
fetus has died and been retained in 
utero over a prolonged period eventu- 
ally falls into labor, the delivery may 
be followed by uterine bleeding, the 
cutstanding feature of which is incoag- 
ulability of the blood. To date, this 
phenomenon has been investigated 
from the hematologic standpoint in 16 
70, 

Clinically, the condition was for- 
merly believed to occur only among 
mothers sensitized to an Rh-positive 
blood factor. This is no longer thought 
to be a necessary 
That the associated bleeding-defect is 
not merely a manifestation of hemor- 
rhagic shock is suggested by the obser- 
vation that purpuric symptoms may 
appear prior to the onset of labor**®°. 
In a few instances, these symptoms 
may be attended by premature de- 
tachment of the placenta®. 

The hematologic findings that have 
been reported in these cases indicate 
that deficiencies may be present in both 
the platelets*#5°7° and the plasma- 
factors concerned with coagulation of 
blood. As is the case in placental 
abruption, however, the principal de- 
fects appear to involve plasma-fibrino- 
gen and its associated plasma-fac- 
The administration of 
fibrinogen has been shown to be of 
therapeutic value*®. 

AMNIOTIC EMBOLISM. According to 
Steiner and Lushbaugh®, death in ob- 
stetric shock may occasionally be due 
to widespread embolization of the ma- 
ternal pulmonary arterioles by amniotic 
debris, accidentally forced into the cir- 
culation during labor via the sub- 
placental decidual sinuses. In such 
cases, shock usually develops rapidly 
and inexplicably, and death may be 
attended by manifestations of acute 
cor pulmonale. The diagnosis can be 
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established with certainty only on the 
basis of postmortem findings. 

Steiner and Lushbaugh’s original 
description of this syndrome was pub- 
lished in 1941, and was based upon a 
postmortem study of 8 cases. Since that 
time, additional cases of a similar na- 
ture have been reported, and the clini- 
cal phenomena have been more fully 
defined and 
Notable among these phenomena has 
been the incoagulability of the maternal 
blood in many of the cases'’, or the 
weakness and resolubility of such clots 
as may be found in blood specimens 
drawn during life. 

Owing to the rarity of amniotic em- 
bolism, and the rapidity with which 
death may occur in this condition, op- 
portunities for conducting hema- 
tologic studies on living patients have 
been limited. The available informa- 
tion, therefore, is comprised of data 
obtained in only 8 patients?5.45.45.49, 
Plasma-fibrinogen levels have been not- 
ed to be low**:45.48-49, and the presence 
of an active fibrinolysin has been 
claimed***8. Ratnoff and Vosburgh**, 
however, demonstrated the presence of 
a thrombin-inhibitor; they believe this 
inhibitor to be responsible, in part, 
for the failure of coagulation. 

ABORTION. Clotting defects in abor- 
tion have been investigated only in 
recent years. In the few cases that 
have been studied, the abortion had 
been criminally induced, or attempts at 
induction had been made. In conse- 
quence, the symptoms included evi- 
dences of local tissue damage (either 
traumatic or chemical) or of sepsis, and 
these varied from case to case. All 
patients died. 

The hematologic data available were 
obtained in 5 patients only®.5.30.51, 
of the cases were found to have fibrino- 
genopenia and thrombocytopenia. An 
active anticoagulant was also found in 
one patient®. Fibrinolysis was investi- 


gated in 3 of the patients, but its pres- 
ence demonstrated in only one’. 

Discussion. The hematologic disord- 
ers here under consideration will not 
be confused with such conditions as 
chronic idiopathic purpura, para- 
hemophilia, hemolytic anemia or the 
leukemias. Although the latter condi- 
tions are also occasionally seen in preg- 
nant women, the problems involved in 
their recognition and management bear 
no resemblance to those outlined in the 
foregoing sections of this review. The 
clotting-defects described have been 
recorded in the literature solely as 
phenomena associated with certain 
characteristically “obstetric” (as dis- 
tinguished from medical or surgical) 
disorders of pregnancy. The question 
of their relation to pregnancy itself is 
therefore posed. 

1. FIBRINOGENOPENIA. Available evi- 
dence indicates that among the clotting- 
disorders associated with fibrinogeno- 
penia, pregnancy itself may, in many 
instances, be the factor principally re- 
sponsible for the defect. As an isolated 
phenomenon, fibrinogenopenia can 
conceivably be brought about by: (a) 
excessive defibrination of circulating 
blood as a result of disseminated intra- 
vascular clotting, (b) active fibrinoly- 
sis, or (c) a combination of these two 
mechanisms. 

The fibrinogenopenia seen in placen- 
tal abruption, retained dead fetus, 
amniotic embolism and abortion is cur- 
rently believed to be due primarily 
to defibrination. The latter, in turn, is 
attributed to widespread miliary in- 
travascular coagulation, following the 
passage of thromboplastic agents into 
the maternal circulation from a point 
cf origin in the contents of the 
The evidence supporting 
this concept is fourfold: (a) the dem- 
onstration of rich amounts of thrombo- 
plastic substance in human ovular and 
decidual tissues****, (b) the postmor- 
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tem finding of fibrin-clots in the smaller 
vessels of various or gans”, (c) the 
successful defibrination of the blood of 
experimental animals following infu- 


sion of thromboplastic 


and (d) the absence, on clinical hema- 
tologic study, of fibrinolytic or other 
mechanisms active enough to account 
for the observed fibrinogenopenia®’. So 
far as is at present known, such active 
defibrination of the circulating blood 
is, apparently, in ail fields of medicine, 
unique to pregnancy”®. 

That fibrinolysis may be a contribu- 
tory, or even alternative, factor in the 
fibrinogenopenias of the four obstetric 
conditions noted above is perhaps true 
only for amniotic embolism. In this 
condition, there is convincing evidence 
of the presence, not only of active 
fibrinolysis****, but also of a heparin- 
like 53 Equally persua- 
sive evidence of Sclastivale in the re- 
maining conditions is available for only 
a few cases of abortion and placental 
abruption. The significance of fibrinoly- 
sis in those cases in which it is found, 
including amniotic embolism, is as yet 
undefined. -Several explanations are 
possible, but in the light of observa- 
tions made in other fields of medicine, 
there is a strong likelihood that it is 
a phenomenon of shock, toxemia or 
sepsis, 

2. THROMBOCYTOPENIA. Although 
thrombocytopenia has been found to 
be present, together with fibrinogeno- 
penia, in septic abortions and some 
placental abruptions, the obstetric con- 
dition in which it is characteristically 
seen as the sole or principal factor in 
a clotting-defect is eclampsia. Refer- 
ence has already been made to its close 
association with intravascular hemoly- 
sis and renal failure in that condition. 
Also noted previously has been the 
cbservation that overt hemorrhagic 
symptoms of a major nature are en- 
countered in only a minority of eclamp- 
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tic patients exhibiting thrombocyto- 
penia. 

Beltz®’ and Doencke'*.'*, in separate 
and little-known contributions to the 
German literature more than a genera- 
tion ago, reported that they had found 
thrombocytopenia and hemolysis in a 
number of cases of chronic nephritis 
during the stage of renal failure. The 
syndrome as described by them re- 
sembles quite closely that which has 
only recently been noted in eclampsia. 

In the light of these similarities, it 
is difficult to believe that the thrombo- 
cytopenia seen in eclampsia represents 
a phenomenon unique to pregnancy. 
On the contrary, the likelihood appears 


strong that the thrombocytopenia ob- | 


sniwell not only in eclampsia, but also 
in abortion and placental abruption, is 
akin to that described by Beltz and 
Doencke in nephritis. The common de- 
nominator would appear to be renal 
failure, whether from nephritis or from 
the more acute anoxial insults associat- 
ed with shock, toxemia and other grave 
accidents. 

Summary. The results of recent 
hematologic studies of coagulation- 
defects encountered in such obstetric 
conditions as prepartal abruption of the 
placenta, eclampsia, prolonged reten- 
tion of a dead fetus in utero, amniotic 
embolism, and septic abortion have 
been briefly reviewed. 

The observed defects have been 
found to involve abnormalities of both 
the plasma and platelet-factors of the 
blood. The degree to which each of 
these factors may be affected varies 
considerably among the obstetric dis- 
orders studied. Thus, in eclampsia the 
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principal defect concerns the platelet 
factors, whereas in ‘the remaining dis- 
orders the outstanding abnormalities 
involve plasma factors, with or without 
associated deficiencies of platelet func- 
tion. 

The relations of these defects to the 
clinical phenomena of the obstetric 
conditions with which they are asso- 
ciated has been examined. Although a 
hemorrhagic diathesis is mainly latent 
in some disorders, the threat of overt 
hemorrhagic difficulties is ever present 
in all, manifesting itself most fre- 
quently and seriously in placental 
abruption. From the clinical standpoint, 
the diatheses as a group are closely 
related to the state of pregnancy, in 
that they are usually amenable to re- 
versal with the termination of preg- 
nancy in patients not too gravely ill 
from shock or complications when first 
seen. Treatment may, therefore, be 
successful quite independently of the 
treatment of the coagulation-defect. 
The fibrinogenopenic disorders are 
readily combatted with the use of in- 
fusions of fibrinogen, except in amniotic 
embolism. Such infusions have been 
shown to be of signal value in placental 
abruption. 

In attempting to appraise the gen- 
eral pathologic significance of these co- 
agulation-defects, it is possible that 
some of the fibrinogenopenias observed 
are unique to pregnancy, whereas the 
remaining fibrinogenopenias and the 
thrombocytopenias may reflect derange- 
ments which obstetric shock, toxemia 
or sepsis share in common with com- 
parably grave disorders in medicine 


and surgery. 
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The Physiological Society of Philadelphia 


SESSION OF JANUARY 18, 1955 
INFORMAL SEMINAR ON SOME ASPECTS OF THE PHYSIOLOGY OF THE ERYTHROCYTE 


Introductory Remarks. L. M. Tocantins, M.D. (Department of Medicine, 
Jefferson Medical College) 


Osmotic Hemolysis and Permeabil- 
ity Measurements. M. H. JAcoss, Pu.D. 
(Department of Physiology, Univer- 
sity of Pennsylvania). The mammalian 
erythrocyte presents several special ad- 
vantages for the quantitative measure- 
ment of cell permeability. Two of the 
most important are the virtual con- 
stancy of its surface area throughout a 
wide range of osmotic volume changes 
and its extremely high permeability to 
water. Because of the latter the en- 
trance of all but the most rapidly pene- 
trating solutes takes place under condi- 
tions of approximate osmotic balance, 
and the relation between the volume 
of the cell water and the amount of a 
solute that has entered it assumes a 
simple form. Furthermore, a relation 
also exists between cell volume and 
hemolysis, the rate of attainment of 
which can be measured with ease and 
accuracy. In attempting to find this re- 
lation it was discovered that a funda- 
mental error results when inferences as 
to the normal osmotic properties of 
erythrocytes are drawn their 
behavior in “fragility” determinations 
with hypotonic sodium chloride solu- 
tions. In such solutions at least 3 mech- 
anisms of swelling and hemolysis can 
be distinguished. The first is the pri- 
mary osmotic entrance of water into 
the unaltered cell, which is virtually 
complete in a few seconds. It is best 
seen in non-hemolytic hypotonic salt 


( 704) 


solutions and frequently even in hemo- 
lytic glucose solutions. The second, 
which is much more prolonged, is as- 
sociated with ionic exchanges, probably 
chiefly bicarbonate ions from the cell 
for chloride ions from the solution, 
since it can be prevented by the 
presence of bicarbonate in the hypo- 
tonic solution. Finally, there is reason 
to believe that excessively swollen cells 
may become abnormally permeable to 
cations and undergo still further swell- 
ing and hemolysis through the opera- 
tion of the Donnan principle. Progress 
has been made in the development of 
methods for separating the primary 
normal osmotic effects from the second- 
ary, more or less abnormal ones. 
Measurement of the Life Span of 
Erythrocytes. Max M. Strumia, M.D. 
(Department of Pathology, Bryn Mawr 
Hospital). The measure of life span 
of erythrocytes is an_ essential pro- 
cedure in the Laboratory of Clinical 
Pathology because: (1) expansion of 
blood transfusion has brought about 
the realization that in vitro tests of 
viability, such as the osmotic resistance, 
are at best a screening process; (2) 
ever-increasing evidence has_ estab- 
lished that accelerated hemolysis plays 
a major part in many forms of anemias 


_ previously considered due entirely to 


altered erythropoiesis. 
By life span of erythrocytes is meant 
here the average length of time during 


wl 
lat 
mé 
ret 
ce 
rac 
TI 
the 
at 
ha 
fer 
( 
tre 
bl 
lif 
the 

tio 
cel 
the 
me 
mz 
Pl: 
Pl: 
AN 
pa 
of 

: va 
de 
du 
de 
( 
Cl 
19: 
of 

2 we 

the 
pr 

st 

tio 

wi 
AC 

Ol 

nj 


PHYSIOLOGY 


which an erythrocyte remains in circu- 
lation. Part of this life, probably a 
matter of 1 or 2 days, is in the form of 
reticulocytes. 

Direct methods of measure of red 
cell life span include tagging with 
radioactive isotopes (Fe**, Fe®®, Cr°!, 
C'*) or with the stable isotope N*. 
The mean life of red cells in man with 
the N'® method has been established 
at 120 to 128 days. 

Results similar to isotope tagging 
have been obtained by serological dif- 
ferentiation of non-agglutinable cells 
(so-called Ashby method ) generally by 
transfusing an A patient with O group 
blood. 

An indirect method of measuring the 
life span is based on the measure of 
the total urobilinogen excreted in rela- 
tion to the total mass of circulating red 
cells. Although much less precise than 
the method previously mentioned, this 
method gives valuable clinical infor- 
mation. 

The Relation of Erythrocytes and 
Platelets to a Sphering System of 
Plasma Origin. A. S$. Hamitton, M.D., 
AND I. S. Ravprin, M.D. (Harrison De- 
partment of Surgical Research, School 
of Medicine, University of Pennsyl- 
vania ). Previously published evidence 
demonstrated that contact with plasma 
during storage contributed to the 
deterioration of canine erythrocytes 
(Hamilton, Surg. Forum, Proc. 36th 
Clin. Congress, Am. Coll. of Surgeons, 
1950). Then successive transfusions 
of erythrocytes from the same donor 
were tested by the Ashby method in 
the same recipient, the survival of a 
preparation of washed erythrocytes 
stored in albumin-glucose-saline solu- 
tion for 60 days compared favorably 
with that of the erythrocytes stored as 
ACD blood at 4 to 7° C. for 21 days. 

Development of a biological method 
or assaying the activity of the cell- 
njuring ‘factor from plasma permitted 
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more detailed studies. The primary 
lesion produced in fresh erythrocytes 
by the active agent involved the imme- 
diate transformation of biconcave disks 
to crenated spherocytes; hemolysis in 
vitro was a secondary effect when it 
occurred. Fresh mixed cell-popula- 
tions were heterogeneous in their resis- 
tances to the sphering agent, reticulo- 
cytes being among the most resistant 
cells. 

Fresh plasma or serum of humans, . 
dogs, and rabbits contained low levels 
of sphering agent which was inhibited 
by heat- sensitive factors at an equilib- 
rium below the thresholds of fresh 
erythrocytes. By enzymatic action cell- 
free plasma developed sphering activity 
within a few hours at room tempera- 
ture. This reaction proceeded slowl 
at 0 to 7° C. and was markedly inhib- 
ited by storage of plasma in the frozen 
state at minus 15° C. A lowering of 
cell-threshold during storage intensi- 
fied response of such cells to low 
sphering activity. 

The presence of erythrocytes or 
platelets in plasma during storage at 
room temperature reduced its sphering 
activity. The preformed sphering agent 
was successfully absorbed or inacti- 
vated by brief contact with adequate 
numbers of washed erythrocytes. 

Following the transfusion of aliquots 
of 6-day-old non-sphered and experi- 
mentally sphered erythrocytes from the 
same blood collection into paired canine 
recipients, 91% of the non-sphered, and 
63% of the sphered cells survived at 
7 days post-transfusion. The elimina- 
tion of the previously sphered cells was 
complete by 64 days post-transfusion. 

Transfusion of Erythrocyte-Glycerol 
Mixtures After Storage at Low Tem- 
peratures. H. A. SLovirer, Px.D., M.D., 
AND M. Tietze (Harrison Depart- 
ment of Surgical Research, School of 
Medicine, University of Pennsylvania). 
It has been demonstrated that the via- 


bility of erythrocytes in a glycerol 
medium can be successfully preserved 
for several months at temperatures well 
below freezing (Lancet, 2, 501, 1952). 
These hypertonic cells cannot be trans- 
fused directly, and so it was thought 
necessary to remove all the glycerol 
prior to transfusion. No simple and sat- 
isfactory method for doing this has 
been available. The following rela- 
tively simple procedure which does 
not require the removal of glycerol is 
proposed. To the thawed erythrocyte- 
glycerol mixture is added one-half its 
volume of 50% glucose in 0.9% sodium 
chloride solution. The glucose does not 
penetrate the cells appreciably and 
serves to balance the osmotic pressure 
due to glycerol inside the cells. The 
resulting mixture is then diluted with 
twice its volume of 0.9% sodium chlo- 
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ride solution. This dilute suspension of 
red cells can be transfused directly or a 
higher hematocrit product can be ob- 
tained by a centrifuging and resuspen- 
sion operation. The ability of these red 
cell suspensions satisfactorily to with- 
stand the osmotic effects of transfusion 
has been shown by in vitro experiments 
in which a stirred large volume of 
plasma served to simulate the plasma 
volume of a recipient. The initial re- 
sults of a study now in progress indi- 
cate that red cells stored and prepared 
for transfusion in this manner have 
a satisfactory post-transfusion survival. 
No undesirable effects have resulted 
from the infusion of the glycerol con- 
tained in the red cell suspensions. 
(Supported by a grant from National 
Heart Institute, National Institutes of 
Health, U. S. Public Health Service. ) 


was 
boo! 
con; 
pre- 
and 
ishe 
Stat 
the 
an 
evel 
find 


refe 


Con 
M. 
pit 
95 
(Vv 
Ag 

T 
the 
clini 
case 
ing 
sypl 

ANA 
Af 
of 
Bo 
Pri 

T 

Ana 

ami 

Eng 

post 
on 
tion 
viev 
phy 

1 

is I 

poir 

port 
ous 

Roy 
ina’ 
orn 
nar 

(p. 
it e 


CONGENITAL SypuHitis. By Davin NABARRO, 
M.D., F.R.C.P., Consulting Pathologist, Hos- 
pital for Sick Children, London. Pp. 470; 
95 ills. London: Edward Arnold, Ltd., 1954. 
(Williams & Wilkins Co., Baltimore, U. S. 
Agents.) Price, $10.00. 

THis comprehensive treatise is based on 
the author’s extensive experience at a special 
clinic for children in Britain. More than 900 
cases of congenital syphilis were studied dur- 
ing the period 1916 to 1939, when the clinic 
was closed because of World War II. This 
book, therefore, is an historical record of 
congenital syphilis as seen in Britain in the 
pre-penicillin era. Although the prevalence 
and intensity of the disease has greatly dimin- 
ished in recent years in Britain, the United 
States of America, and other equally for- 
tunate countries, there are many parts of 
the world where congenital syphilis is still 
an important problem. All physicians, how- 
ever, regardless of geographic location, will 
find this volume an interesting and valuable 
reference on every aspect of congenital 
syphilis. Z. 


ANATOMY: REGIONAL AND APPLIED. By R. 
J. Last, M.B., B.S., F.R.C.S., Professor of 
Applied Anatomy, Royal College of Surgeons 
of England. Pp. 665; 309 ills., many in color. 
Boston: Little, Brown and Company, 1954. 
Price $10.00. 

Tue author of this volume is Examiner in 
Anatomy for the Primary Fellowship Ex- 
amination of the Royal College of Surgeons of 
England, and the work is an outgrowth of his 
postgraduate lectures, emphasis being placed 
on practical considerations. In this connec- 
tion, the subject matter is treated from the 
viewpoints of embryology, phylogeny, and 
physiology, each region being so covered 

The book is cleverly written and a ~asis 
is placed on applied principles; at several 
points unimportant details are labeled unim- 
portant (namely, p. 270). It contains numer- 
ous illustrations from the’ Museum of the 
Royal College of Surgeons of England, plus 
drawings by the author. There are many 
anatomic memory couplets; for example, “The 
formula ‘PAD and DAB’ indicates that pal- 
nar adduct and dorsal abduct the fingers,” 
(p. 123); or “There is a point to be noted 
it each of the even-numbered ribs” (p. 262). 
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An especially practical passage details the 
embryological development of the gut (p. 
294). 

This book provides a useful guide for post- 
graduate anatomy students and board can- 
didates. B. B. 


TEXTBOOK OF OPERATIVE GYNAECOLOGY. By 
WitrrepD SHaw, M.A. (Cams.), M.D., 
F.R.C.S. (Enc.), F.R.C.0.G., Late Surgeon 
in Charge, Gynaecological and Obstetrical 
Department, St. Bartholomew’s Hospital. 
Pp. 444; 382 ills. London: E. & S. Living- 
stone, Ltd., 1954. (Williams & Wilkins Co., 
Baltimore, U. S. Agents.) Price, $19.00. 


Tus textbook was prepared by Wilfred 
Shaw to record the operative techniques used 
in the Gynaecologic Department of St. Bar- 
tholomew’s Hospital. Unfortunately, Shaw 
died before the book was compiled, but he 
did finish the entire text himself; his col- 
leagues and the publishers correlated the 
manuscript and the illustrations. 

The book is divided into 29 chapters, the 
first of which are devoted to a discussion of 
preoperative instruments, anes- 
thesia, general technique, postoperative care 
and anatomy. The remaining material is 
considered in the usual manner; at the be- 
ginning of each chapter indications for the 
operative procedures to be described and 
in some instances pathologic changes which 
may be encountered are presented. 

The space allotted to the various procedures 
and the detail with which they are described 
is not always determined by the relative im- 
portance of the topic. For instance, the 
operative treatment of sterility is covered in 
6 pages, half of which are devoted to diag- 
nostic tests. Salpingostomy is well described 
but not illustrated; the only illustrations be- 
ing for ovarian implantation procedures. The 
treatment of stress urinary incontinence is 
covered in 12 pages with only one-half page 
being devoted to vaginal procedures and the 
rest to the sling methods. Six types of sus- 
pension operation and ventrafixation are de- 
scribed for the correction of retroversion. 

The sections on vaginal surgical procedures 
for the repair of relaxations, fistulas and con- 
genital defects are excellent, as are those con- 
cerning the correction of operative injuries 
to the bowel and urinary tract. The illustra- 
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tions for these sections are particularly good. 

The text is easily read and is interesting 
and the illustrations are of good quality but in 
many instances there are too few. Only a 
few references are given and for the most 
part they are not well selected, being old and 
outmoded. 

This book should be of value to the special- 
ist in gynecologic surgery primarily because 
of the excellence of the sections on vaginal 
operations. The other procedures illustrated 
and described differ little from those in sim- 


ilar books. J. W. 


Far MerapouisM. Edited by Victor A. 
Nayar, Johns Hopkins University School of 
Medicine. Pp. 185; 43 ills. Baltimore: The 
Johns Hopkins Press, 1954. Price, $4.50 
Tuis is an outstanding symposium on fat 
metabolism numbering among the contribu- 
tors, like its predecessor on carbohydrate 
metabolism, many of the leading clinical 
and laboratory investigators to be found in 
the field in this country. The problem of 
obesity is presented in a refreshing fashion 
in a series of four papers. One of these by 
Mayer illuminates to a degree our lack of 
knowledge concerning the basic physiologic 
and metabolic alterations in clinical and ex- 
perimental obesity; further data on his glu- 
costatic mechanism of regulation of food in- 
take are reported. Both Mayer and Wilkins 
propose that study of the decreased expen- 
diture of energy as an etiologic factor in 
obesity be pursued. Fundamental work on 
the metabolism of fat, of the role of coen- 
zyme A and of the action of heparin and 
clearing factor in lipid transport is reviewed 
by Lipmann, Lehninger, Gurin, Kornberg and 
Anfinsen. Various aspects of fat metabolism 
in relationship to diabetes mellitus and 
atherosclerosis are included in this remark- 
able volume. It serves well to bring to the 
clinical investigator the recent biochemical 
advances and to the biochemist the clinical 
problems which are the stimulus for basic 


research. 5: 


PROCEEDINGS OF THE SECOND NATIONAL CAN- 
CER CONFERENCE, 1952, Two volumes. Pp. 
1,687. New York: The American Cancer 
Society, Inc., 1954. Price, $7.50 per set. 
Tue Second National Cancer Conference, 

held in Cincinnati in 1952, was sponsored 

by the American Cancer Society, Inc., the 

National Cancer Institute, and the American 

Association for Cancer Research. All but 145 
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pages consist of the records of the proceed- 
ings of the fourteen special panels including 
breast, genitourinary, head, and _ neck, 
lymphoma-leukemia, female genital tract, gas- 
trointestinal, lung, radio-biology, genetics, 
cytology, chemotherapy, virology, steroids, 
and isotopes. 

The participants of a conference of such 
magnitude included, as one would expect, 
most of the nation’s authorities and a few 
from abroad. The two volumes contain a 
great deal of worthwhile and important ma- 
terial, but like most published conference 
reports, it is of value only in reading the 
whole and not as a reference. Reading the 
whole, on the other hand, is a tedious bus- 
iness however, because the average clinician 
will probably find a vast amount of material 
which is not designed for his particular in- 
terest. E. A. 


YEAR Book oF MEpIcINE (1954-1955 Series). 
Edited by Paut B. Bergson, M.D., Cari 
MusCHENHEIM, M.D., W1LL1AM B. CASTLE, 
M.D., TinsLey R. Harrison, M.D., FRANz 
J. INGELFINGER, M.D., AND Puiuip K. Bonpy, 
M.D. Pp. 711; 115 ills. Chicago: Year Book 
Publishers, Inc., 1954. Price, $6.00. 

Tue latest volume of this series contains 
abstracts of articles published between May, 
1953, and May, 1954. The format is the same 
as that of its predecessors with sections de- 
voted to 1) Infection, 2) The Chest, 3) The 
Blood and Blood-Forming Organs, 4) The 
Heart and Blood Vessels and Kidney, 5) The 
Digestive System, and 6) Metabolism. The 
respective section editors have again prepared 
concise, pertinent summaries of numerous 
articles, with surprisingly few omissions. 

The present volume will be helpful to any- 
one attempting to keep up with the rapid 
progress being made in internal medicine. 


SuRGICAL TREATMENT OF CANCER OF THE 
Cervix. Edited by Jor V. Meics, M.D., 
Clinical Professor of Gynecology, Harvard 
Medical School. Pp. 462; 209 ills. New 
York: Grune & Stratton, Inc., 1954. Price, 
$12.00. 

Tuts volume on Surgical Treatment of Can- 
cer of the Cervix was prepared to record 
the various operations which are currently 
being used to treat this condition. Until 
Meigs, the editor, revived interest in radical 
pelvic dissection the standard treatment for 
many years had been Roentgen-ray and ra- 
dium irradiation. Since his initial reports more 
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and more women with cervical malignancy 
are being operated upon. As stated in the 
preface: “It is the editor’s hope that this 
volume will give the surgeon or gynecologist 
who wishes to perform these operations an 
idea of the meticulous care needed before, 
during and after surgery.” 

The introduction provides a general survey 
of the problem. The historical background of 
operative therapy is presented and the rea- 
sons why operation is eee to irradiation 
are discussed. The clinical classification of 
cervical carcinoma is described and compared 
with a surgical and pathologic classification 
suggested by Meigs and Brunschwig. 

Twenty-three surgeons and gynecologists, 
each of whom is a specialist in some phase of 
the surgical treatment of cervical cancer, 
were selected as contributors. Various opera- 
tions, such as radical hysterectomy with pel- 
vic lymph node dissection, radical vaginal 
hysterectomy, total pelvic exenteration and 
others, are described. For most procedures 
the methods of at least 2 different surgeons 
are presented. Pelvic anatomy, the methods 
by which cancer is disseminated from the 
cervix and some of the complications of sur- 
gical treatment are also discussed. 

The text has been well coordinated and 
there is little reduplication of material. The 
illustrations are good and well placed with 
regard to the text with the exception of two 
articles which are illustrated by photographs 
in which the details are often not clear. 

This volume should prove to be valuable 
as a reference ior the relatiyely few individ- 
uals who should be performing the operativ 
procedures described. 


THe Auxitiary Heart. By WILLIAM WALTER 
Wasson, M.D., Consulting Radiologist, St. 
Anthony, Children’s and St. Luke’s Hos- 
pitals, Denver. Pp. 184; 72 ills. Springfield, 
Ill.: Charles C Thomas, 1954. Price, $10.50. 

Tus is a detailed presentation of the an- 
atomy, physiology and physiodynamics of the 
chest that pertain to the auxiliary heart, to 
the right side of the heart proper, with a 
discussion of the’ pathologic conditions that 
influence the actions of the auxiliary heart, 
particularly concerning the respiration. Condi- 
tions of the chest that interfere with the 
proper respiratory function, or that represent 
a reversal to the fetal state, create a strain 
on the right heart. Evaluation of the roent- 
genogram of the chest permits to relate the 
ar content of the lungs to the anatomical 
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structures and the pulmonary circulation. A 
special chapter is devoted to the diaphrag- 
matic syndrome comprising a group of symp- 
toms in which the improper functioning of 
the diaphragm is the chief causative factor. 
A chapter dealing with the history of the 
lesser circulation, by M. W. Stein, makes 
most interesting reading. Clinical applications 
of the deductions obtained are ample. An 
extensive and carefully chosen bibliography 
will be of great value to the student in this 
field. This is a splendid, well correlated 
study that should be of interest and help to 
surgeons, clinicians, radiologists and_physi- 
ologists. 


NEW EDITIONS 


Actions of Radiations on Living Cells. By 
The Late D. E. Lea. 2nd ed. Pp. 416; 
61 ills. New York: Cambridge University 
Press, 1954. Price, $6.00. 


Tue second edition of this highly authorita- 
tive work contains extensive corrections and re- 
visions which the late author had left among his 
papers. Additional material supplied by current 
discoveries has also been incorporated into the 
text by Dr. L. H. Gray. The present volume, 
therefore, is an up-to-date version of a book 
which is considered by many to be a master- 
piece in its field. 

Relevant physical properties and chemical 
effects of ionizing radiations are first discussed. 
Succeeding chapters deal with the effects of 
radiations on viruses and on the genes and 
chromosomes of higher cells. The killing of cells 
by radiation is considered in the last chapter. 

Investigators in related fields of medicine, 
genetics, biology, and biophysics will find much 
of value in this book. C. Z. 


Cleft Palate and Speech. By Murer E. 
Mortey, B.Sc., F.C.S.T., Speech Thera- 
pist to the Royal Victoria Infirmary, The 
Hospital for Sick Children, and The 
Newcastle General Hospital, Newcastle- 
upon-Tyne. 3rd ed. Pp. 173; 64 ills., 
Edinburgh and London: E. & S. Living- 
stone, Ltd., 1954 (Williams & Wilkins 
Co., Baltimore, U. S. Agents). Price, 
$4.25. 

Miss Morvey is Speech Therapist to the Royal 
Victoria Infirmary, The Hospital for Sick Chil- 
dren, and The Newcastle General Hospital. The 
present work, the third edition, has been revised 
by her. In the preface to the first edition, Miss 
Morley states that “the greater part of this 
work was originally approved by the British 
Society of Speech Therapists, now the College 
of Speech Therapists, as a thesis for the Diploma 
of Membership of that society.” Although the 
book consists of only 173 pages and contains 
64 illustrations, there is a wealth of clear, con- 
eise information which should delight anyone 
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interested in the problem. The author’s discus- able; the current therapy is carefully described. 
sions concerning the mechanism of speech and A readable explanation of the pathology and 
the reasons for success or failure of certain sur- physiology of each disease with graphic descrip- 
gical techniques demonstrate clearly her insight tion of signs, symptoms, and treatment is in- 
into this condition, which affects about one of cluded. The completing of each unit with ques- 
every 1000 infants. G. R. tions similar to those the student will encounter 
when writing her State Board Examinations is 
an excellent addition. R. W. 


Essentials of Medicine. The Art and Science 
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DIAGNOSIS AND 


THERAPY OF 


HYPERTENSION 


kidney damage 


In the diagnosis of hypertension, kidney 
damage can be recognized by two com- 
monly used methods: blood chemistry may 
indicate functional inadequacy; the retro- 
grade pyelogram reveals structural damage. 


In the therapy of hypertension, also, two 
agents may be used for better control and 
greater safety. Methium with Reserpine 
combines the potent ganglionic blocking 
action of hexamethonium with the mild 
hypotensive and sedative effects of reser- 
pine. “...this combination accomplishes a 
more stable reduction of blood pressure 
than that achieved with hexamethonium 
alone.”* Synergism between the two agents 


permits reduced dosages, thus minimizing 
the risk of side effects. 


Because of the potency of Methium, careful 
use is required. Caution is indicated in the 
presence of renal, cardiac or cerebral ar- 
terial insufficiency. Markedly impaired renal 
function is usually a contraindication. 


Supplied: Methium 125 with Reserpine— 
scored tablets containing 125 mg. of 
Methium and 0.125 mg. of reserpine. 
Methium 250 with Reserpine—scored tab- 
lets containing 250 mg. of Methium and 
0.125 mg. of 
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Methium' with Reserpine 


CHLORIDE 
(BRAND OF HEXAMETHONIUM CHLORIDE) 


“a perfect match” 


WARNER-CHILCOTT 
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MEBARAL 


BRAND OF MEPHOBARBITAL 


. hypertension 
for the hyperexcitability hyperthyroidism 
so often found in convulsive disorders 
difficult menopause 
psychoneurosis 
hyperhidrosis 


Mebaral’s soothing sedative effect is obtained without significantly 
clouding the patient's mental faculties. 


Average Dose: 


Adults — 32 mg. to 0.1 Gm. (optimal 50 mg.), 
3 or 4 times daily. 


Children — 16 to 32 mg., 3 or 4 times daily. 


Tasteless tablets of 32 mg. (2 grain) 

50 mg. (% grain) 

0.1 Gm. (1% grains) 
0.2 Gm. (3 grains) scored. 


WINTHROP 


WINTHROP-STEARNS INC. New York 18, N.Y. = 


Mebaral, trademork reg. U.S. Pat. Off. 


Af 


